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A B S T R A C T 
Modern and a n c i e n t environments a s soc i a t ed with 
Lakes Algoma and Huron were s tudied according to 
a t t r i b u t e s of s t r a t i g r a p h y , sediment t e x t u r e 
p a r a m e t e r s , sediment s i z e d i s t r i b u t i o n s , bedfcrms, and 
primary sed imenta ry s t r u c t u r e s . Resu l t s from a 
computat ion of wave r e f r a c t i o n diagrams and from an 
examinat ion of the wave c l ima te c h a r a c t e r i s t i c s 
i n d i c a t e t h a t the modern embayrnent i s low energy. 
A sediment t e x t u r e comparison between modern and 
anc ien t environments i n d i c a t e s t h a t higher energy 
p r e v a i l e d in the a n c i e n t environment r e l a t i v e to the 
p re sen t day environment . The cobble and grave l 
sediments as well as an e x t e n s i v e b e l t of forsclunes 
preserved in the a n c i e n t environment are evidence of 
t h i s high energy . 
Sediment t e x t u r a l parameters of mean, s tandard 
d e v i a t i o n , skewness, and k u r t o s i s were combined in 
b i v a r i a t e p l o t s to t e s t t h e i r r e l i a b i l i t y for 
d i s c r i m i n a t i n g between envi ronments . Resul t s from four-
combinat ions of t h e s e parameters were not t o t a l l y 
f a v o u r a b l e . Only a p l o t of s tandard dev i a t i on versus 
skewness proved u s e f u l . 
i i 
Component p o p u l a t i o n s a re useful d i s c r i m i n a t o r s 
of d e p o s i t i o n a l env i ronments . In fe r red environments of 
beach , f l u v i a l , and dune as well as modern l a c u s t r i n e 
sediments could be i d e n t i f i e d by the c h a r a c t e r i s t i c s of 
t h e i r component popu la t ion c u r v e s . Moreover, 
c h a r a c t e r i s t i c cu rves t h a t r e p r e s e n t va r ious 
subenvironments for the modern near shore zone are 
e v i d e n t . These have been a s s i m i l a t e d in to a g ra in s i z e 
d i s t r i b u t i o n f a c i e s i n d i c a t o r . 
P rov i s ion of a f a c i e s model for a 
b a r r e d - l a c u s t r i n e bayhead was made p o s s i b l e by an 
examinat ion of p reserved bed forms and primary 
sed imentary s t r u c t u r e s . High energy bedforms of 
p a r a l l e l laminae and massive bedding are always 
preserved sub jacen t t o low energy r i p p l e c r o s s - l a m i n a e . 
The sequence of r i p p l e c ro s s - l aminae t ha t forms in 
response to i n c r e a s i n g energy are as fo l lows : 
symmet r ica l , a symmet r i ca l , o s c i l l a t o r y , and combined 
flow. An examinat ion of such preserved f e a t u r e s y i e l d s 
in format ion t h a t can be used to decipher flow 
d i r e c t i o n s , energy g r a d i e n t s , and flow c h a r a c t e r i s t i c s 
wi th in s p e c i f i c subenvi ronments . 
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CHAPTER ONE' INTRODUCTION 
P h y s i o g r a p h i c f e a t u r e s t h r o u g h o u t S o u t h e r n 
O n t a r i o a r e p r i m a r i l y r e l i c s from W i s c o n s i r a n 
g l a c i a t i o n . Many o f t h e s e f e a t u r e s were mod i f i ed by 
g l a c i a l l a k e s which i n u n d a t e d l a r g e a r e a s o f t h e 
p r o v i n c e . G l a c i a l l a k e s s u c h a s Warren ( 1 2 , 9 0 0 y r . 
B . P . ) , A l g o n q u i n , and I r o q u o i s ( 1 2 , 4 0 0 y r . B . P . ) have 
formed many w e l l - p r e s e r v e d and c o n t i n u o u s f e a t u r e s on 
t h e p r e s e n t day l a n d s c a p e ( P r e s t , 1 9 7 0 ) . P o s t - g l a c i a l 
l a k e s such a s N i p i s s i n g and Algoma ( 4 , 0 0 0 y r . B . P . ) 
have a l s o l e f t i d e n t i f i a b l e f e a t u r e s in l a r g e and 
numerous a r e a s t h r o u g h o u t t h e p r o v i n c e ( P r e s t , 1 9 7 0 ) . 
S e d i m e n t s a s s o c i a t e d w i t h Lake Algoma and Lake 
Huron were examined in t h e bayhead a r e a of Michael Bay 
a t M a n i t o u l i n I s l a n d . T h i s p a r t i c u l a r a r e a e x h i b i t s 
l a c u s t r i n e f e a t u r e s such a s f o r e d u n e s , m u l t i p l e 
l o n g s h o r e b a r s , l a g o o n s , and b e a c h r i d g e s formed w i t h i n 
an embayed e n v i r o n m e n t o f Holocene a g e . 
Aims, S c o p e , And O b j e c t i v e s 
R e c o n s t r u c t i n g a n c i e n t d e p o s i t i o n a l e n v i r o n m e n t s 
and u n d e r s t a n d i n g modern s e d i m e n t o l o g i c a l 
p r o c e s s - r e s p o n s e r e l a t i o n s h i p s a r e major r e s e a r c h 
themes in g e o m o r p h o l o g y . T h i s d i s s e r t a t i o n a d o p t s 
t h e s e t hemes in an e x a m i n a t i o n o f s e d i m e n t s a s s o c i a t e d 
w i t h b o t h modern and a n c i e n t bayhead e n v i r o n m e n t s . 
2 
The study is designed to provide an account cf 
the types of depositional environments found within the 
area and to present facies models for both modern and 
ancient sediments. Furthermore, it attempts to 
elucidate relative energy and processes that would be 
necessary to generate beach ridge morphology in the 
ancient sediments. An examination will be made of 
morphological and sedimentary characteristics of the 
topographic features with particular emphasis on the 
stream bank exposures and excavation of appropriate 
sites. 
The rationale for selecting this particular study 
evolves from the understanding that most studies of 
glacial and post-glacial lakes have been only concerned 
with mapping of morphological characteristics such as 
shorelines and .associated features. In addition to 
this, other types of studies included shoreline 
correlations through survey and time- uplift data, 
(Spencer, 1891; Goldthwait, 1910; Leverett and Taylor, 
1915; Johnston, 1916; Deane, 1950). Geochronology has 
been researched primarily through the use of 14C dating 
methods (Karrow et al., 1961, 1975; Terasmae and Mott, 
1963; Hough, 1966; Farrand and Miller, 1968; Lewis, 
1969, 1970). Moreover, most attempts to identify 
nearshore facies have pertained to modern marine 
environments (Clifton et al., 1971; Hayes, 1972; 
3 
Davidson-Arnot t and Greenwood, 1974, 1976), while 
a n c i e n t examples have concerned l i t h i f i e d , 
p re -Qua te rna ry sediments (Michae l i s and Dixon, 19^9; 
Campbell , 1971; Baldwin, 1973; Brenner and Davies , 
1973; Exum, 1973) . Thus, t h e r e i s appa ren t l y much 
scope provided for the type of r e s e a r c h s e l e c t e d for 
t h i s d i s s e r t a t i o n . The modern environment sediments 
w i l l be s tud ied by adopt ing procedures t h a t have been 
s u c c e s s f u l l y app l i ed by C l i f ton e t a l . (1971) and 
Davidson-Arnot t and Greenwood (197'0 in marine 
2nvironrnents. The r e s u l t s from t h i s s tudy w i l l enable 
a complete c h r o n o l o g i c a l account of the d e p o s i t i o n a l 
h i s t o r y as well as a means of i n f e r r i n g p rocesses t h a t 
have long s ince t e rmina ted in the anc i en t environment . 
I t w i l l a l so enab le comparison of energy l e v e l s 
r e l a t i v e to the a n c i e n t envi ronment . 
The t h e s i s problem comprises t h r e e o b j e c t i v e s . 
An a t tempt w i l l be made: 
i ) to examine p rocesses r e l a t e d 
to bar morphology in the 
modern envi ronments ; 
i i ) to examine sed imento log ica l 
a t t r i b u t e s of g ra in s i z e , 
bedforms, and sedimentary 
s t r u c t u r e s for both the modern 
and anc i en t envi ronments ; 
i i i ) to examine and model the 
f a c i e s of the anc ien t 
fo reshore and the modern 
nenr:;hore zone (U..'>. Army 
Coast il Engineering Ueoenrch 
C e n t e r - - ( C . F . R . C . ) , 1 9 7 i ) . 
4 
Location Of Study Area 
Manitoulin Island is situated within the northern 
margin of Southern Ontario, and is bounded by waters of 
the North Channel to the north, Georgian Bay to the 
east, and Lake Huron to the south and west (Fig. 1). 
The physiographic features of "Manitoulin" have 
been of considerable interest to geologists and 
geomorphologists, Since the surficial stratigraphy 
exhibits depositional environments reflecting both the 
pre-Quaternary and Quaternary history. The 
pre-Quaternary bedrock is the most prevalent 
topographic feature. This mainly comprises Paleozoic 
strata which include limestone, dolomite, and dclomitic 
limestone of Ordovician and Silurian Age (Liberty, 
1957). Paleozoic shales of Upper Ordovician and 
Silurian Age are also evident but these only attain 
prominence in localized areas through a central portion 
and northern extremities of the Island. 
The Quaternary sediments are thin as a result of 
scour by glacial ice and erosion by waves during 
glacial Lake Algonquin (Chapman and Putnam, 1966). 
Those surficial Quaternary sediments which display 
lacustrine sequences are primarily found on the 
periphery of the Island. Figure 2 indicates the 
jistribution of ancient beach environments as mapped by 
Chapman and Putnam (1972, Map Number 2224). 
SITUATION OF WANITOULIN ISLAND 
WITHIN SOUTHERN ONTARIO 
FIGURE 1 O 25 50 75 100 Ikml 
S£AU 
CT» 
M A N I T O U L I N I S L A N D 
DISTRIBUTION OF INFERRED ANCIENT SAND BEACHES 
llNFERREO BEACH AREAS FIGURE 2 N 
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M a n i t o u l i n I s l a n d h a s p r o v i d e d c o n s i d e r a b l e scope 
for l i t h o s t r a t i g r a p h i c a l and g e o b o t a n i c a l c o r r e l a t i o n s 
w i t h t h e Michigan Bas in and t h e Bruce P e n i n s u l a ( B e l l , 
1363 , 1866; Cornstock, 190'4; Ami, 1906; F c e r s t o , 1912; 
W i l l i a m s , 1919; C a l e y , 1936; L i b e r t y , 1954; B o l t o n , 
1957; R o b e r t s o n e t a l . , 1972; L i b e r t y and B o l t o n , 
1 9 7 1 ) . G e o g r a p h i c a l r e c o n n a i s s a n c e has been c a r r i e d 
o u t by Chapman and Putnam (1966) as wel l as Cunningham 
( 1 9 5 7 ) , w h i l e a p e d o l o g i c a l s u r v e y was performed by 
Hoffman e t a l . i n 1959. With t h e e x c e p t i o n of Chapman 
and P u t n a m ' s map ( 1 9 7 2 , No. 2 2 2 4 ) , S t a n l e y ' s r e p o r t 
(1937b) on a Lake Algonquin beach d e p o s i t a t Sucker 
C r e e k , and L e w i s ' s (1970) 14C d a t i n g of g y t t j a for 
i s o s t a s y p u r p o s e s and mapping of N i p i s s i n g s t r a n d s , no 
s e d i r n e n t o l o g i c a l s t u d i e s , t o t h e w r i t e r s knowledge , a r e 
j v a i l a b l e fo r any of t h e Q u a t e r n a r y s e d i m e n t s en 
M a n i t o u l i n Is land*. T h i s i s e s p e c i a l l y t r u e for f a c i e s 
of g l a c i o l a c u s t r i n e and e a r l y Holocene o r i g i n in t h e 
e n t i r e G r e a t Lakes B a s i n . The o n l y n o t a b l e e x c e p t i o n 
i s t h a t o f M a r t i n i (1975) who examined and p r o v i d e d a 
f a c i e s model for A l g o n q u i n - N i p i s s i n g b a r r i e r s e d i m e n t s 
a t Wasaga Beach , Georg i an Bay. 
Map Area And Chrono logy 
The s i t e i n v e s t i g a t e d fo r t h i s d i s s e r t a t i o n 
i n v o l v e s Michae l Bay which i s s i t u a t e d on the 
; ; o u t h - f a c i n g s h o r e of M a n i t o u l i n I s l a n d . S p e c i f i c a l l y , 
8 
t h e s i t e e n c o m p a s s e s t h e modern near s h o r e zony and 
a s s o c i a t e d e a r l y Holocene r a i s e d s h o r e l i n e s ( F i g . 3 ) . 
These a r e t h o u g h t t o be c o n t e m p o r a n e o u s wi th t h « 
p c s t - N i p i s s i n g G r e a t Lakes p h a s e ( L e v e r e t t and T a y l o r , 
1915; Coleman, 1941; Hough, 1 9 5 ) . Th i s i s f u r t h e r 
s u b s t a n t i a t e d by Lewis (1970) who c a r r i e d ou t an 
i s o s t a s y s t u d y of M a n i t o u l i n and mapped the Lake 
N i p i s s i n g s h o r e l i n e ( F i g . 4 ) . An e x a m i n a t i o n of t h i s 
map r e v e a l s t h e s i t u a t i o n of t h e N i p i s s i n g G r e a t Lakes 
s t r a n d as i t r e l a t e s t o t h e p o s i t i o n of t h e Michael Bay 
map a r e a . The i n f e r r e d N i p i s s i n g s h o r e l i n e i s 
o b v i o u s l y s i t u a t e d f a r t h e r i n l a n d than t h e r a i s e d 
Michae l Bay s t r a n d s . T h e r e f o r e , t h e s e r a i s e d s t r a n d s 
a r e most p r o b a b l y Lake Algcma and e a r l y Lake Huron 
cor r e l a t i v e s . 
P o s t - g l a c i a l l a k e l e v e l s i n t h e M a n i t o u l i n r e g i o n 
have r e s p o n d e d t o t h e e f f e c t s o f d i f f e r e n t i a l u p l i f t in 
two ways . F i r s t , when t h e Lake N i p i s s i n g d r a i n a g e 
( 9 , 0 0 0 y e a r s B . P . ) was f l o w i n g n o r t h t h r o u g h t h e Nor th 
Bay o u t l e t , l a k e l e v e l s were in a t r a n s g r e s s i v e phase 
and e v e n t u a l l y submerged a l l b u t t h e c e n t r a l p o r t i o n of 
t u e I s l a n d . S e c o n d l y , >-vhen t h e s o u t h e r n P o r t Huron 
o u t l e t opened about 6 , 000 y e a r s B . P . , N i p i s s i n g l a k e 
l e v e l s became r e g r e s s i v e and M a n i t o u l i n I s l a n d emerged 
(LowLs, 106(,,b; P r - s t , 1 9 7 0 ) . T h u s , Ur> Lake Algoma 
s t a g e , which o c c u r r e d 4 , 0 0 0 y e a r s B . P . , i s b e l i e v e d by 
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Hough (1958) to rep resen t a pause i n the downcut t ing o f 
the Por t Huron o u t l e t a t 176.8 metres above sea l e v e l . 
He a lso suggested t h a t t h i s pause could be a t t r i b u t e d 
to a process o f l a t e r a l m i g r a t i o n in the S t . C l a i r 
River channel i n response to e s t a b l i s h i n g a more s t ab l e 
g r a d i e n t . A d d i t i o n a l downcut t ing and subsequent 
s t a b i l i z a t i o n o f the Por t Huron o u t l e t channel r e s u l t e d 
in the present Lake Huron l e v e l a t 181.4 metres above 
sea l e v e l approx imate ly 2,500 years B.P. (Hough, 1963). 
T h e r e f o r e , t h i s a d d i t i o n a l evidence suggests t h a t the 
Michael Bay r i d g e s are Lake Algoma and e a r l y Lake Huron 
c o r r e l a t i v e s . 
The modern and anc ien t s h o r e l i n e s are best shown 
in F igure 5, which i s a compos i te , s te reoscop ic view o f 
the bayhead. The l i t t o r a l zone comprises p a r a l l e l and 
subcrescen t i c longshore bars t h a t are f lanked by the 
Manitou River to the n o r t h and Blue Jay Creek to the 
s o u t h . The s h o r e l i n e i s cuspate i n plan and e x h i b i t s 
weak development o f horns and embayments. The anc ien t 
environment c l e a r l y d i s p l a y s the swales and r i d g e s , 
which are c r e s c e n t i c i n p lan and assoc ia ted w i t h Lake 
Algoma. The swales comprise a lagoona l environment 
wh i l e the r i d g e s i n the study area are p r i m a r i l y r e l i c t 
foredunes t h a t have become h e a v i l y v e g e t a t e d . I t i s 
apparent t h a t as lake l e v e l subs ided , aeo l ian 
sed imenta t ion was a major process. Since foredunes are 
AREA QF STllOt « l€HAFt f l f 
FTr.UR* 5 
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a s s o c i a t e d w i th o n s h o r e winds ( C . E . R . C . , 1973 — see U.S . 
Amy C o a s t a l E n g i n e e r i n g R e s e a r c h C e n t e r ) , t h i s 
c o n n o t e s h i g h e r wave e n e r g y d u r i n g t h e Lake Algcmr, 
p h a s e . The a u t h o r d i d n o t c a r r y o u t r e c o n n a i s s a n c e 
t h r o u g h o u t t h i s e n t i r e ar<=a however , t h e r i d g e s t h a t 
were t r a v e r s e d were n o t e a s i l y p e r c e p t i b l e when 
t r a v e l l i n g westward a l t h o u g h t h e y a r e s t r i k i n g f e a t u r e s 
on t h e a i r p h o t o g r a p h s . The maximum a m p l i t u d e o f t h e 
r i d g e s i s l e s s t h a n four m e t r e s and t h e y never form 
d i s t i n c t t o p o g r a p h i c or m o r p h o l o g i c a l b r e a k s when seen 
or. t h e ground . 
S i l u r i a n b e d r o c k o u t c r o p s of t h e Amabel and 
F o s s i l H i l l f o r m a t i o n s a r e a l s o p r e v a l e n t w i t h i n t h i s 
a r ^ a . They p r o v i d e an i m p o r t a n t s o u r c e for the a n c i e n t 
beach s e d i m e n t s . 
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CHAPTER TWO CONCEPTUAL BASIS FOR RESEARCH 
A l t h o u g h t h e g l a c i a l and p o s t - g l a c i a l l a k e 
s h o r e l i n e s i n t h e G r e a t Lakes b a s i n have r e c e i v e d 
s u b s t a n t i a l a t t e n t i o n , t h e e v i d e n c e o b t a i n e d from 
a n a l y s i s o f t h e s e f e a t u r e s h a s been d i v e r s e , 
i n c o m p l e t e , and n o t a l w a y s d i a g n o s t i c o f t h e n a t u r e o f 
t h e s e d i m e n t a r y e n v i r o n m e n t s . T h e r e f o r e , c o n s i d e r a t i o n 
must be g i v e n t o a r e s e a r c h scheme i n v o l v i n g an o u t l i n e 
c o n c e r n i n g s a l i e n t p r o b l e m s such a s d i a g e n e s i s and 
e p i g e n e s i s , which a r e a s s o c i a t e d w i t h t h e s t u d y o f 
s e d i m e n t a r y e n v i r o n m e n t s ; p r o v i s i o n o f u s e f u l c r i t e r i a 
such a s Key E n v i r o n m e n t a l I n d i c e s , which a r e u s e f u l fo r 
e x a m i n i n g s e d i m e n t s ; and an o u t l i n e o f s e d i m e n t o l o g i c a l 
m e t h o d s t h a t a r e w o r t h y o f i m p l e m e n t a t i o n in t h i s 
s t u d y . 
S e d i m e n t a r y E n v i r o n m e n t s 
A s e d i m e n t a r y e n v i r o n m e n t , a s d e f i n e d by Gould 
( 1 9 7 2 , P. 1 ) , i s s i m p l y a p l a c e o f d e p o s i t i o n . 
P h y s i c a l , c h e m i c a l , and b i o l o g i c a l p r o c e s s e s a r e 
f a c t o r s t h a t can g e n e r a t e and a f f e c t t h e d e v e l o p m e n t 
and form of a s e d i m e n t a r y e n v i r o n m e n t . An u n d e r l y i n g 
p rob lem i s t h a t p h y s i c a l p r o c e s s e s o n l y o c c u r in 
p r e s e n t day d e p o s i t i o n and have l o n g s i n c e c e a s e d in 
a n c i e n t e n v i r o n m e n t s . The e x a m i n a t i o n and 
r e c o n s t r u c t i o n o f an i n f e r r e d , a n c i e n t l a c u s t r i n e 
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environment entails several additional problems. 
Contradictory information can result from 
stratigraphical evidence that suggests one climatic 
interpretation, whereas biological evidence can 
indicate another. For example, a palynological 
examination can suggest that a certain species of plant 
existed in one climatic regime; in fact, the grains may 
not be indigenous having been transported by wind over 
a considerable distance and then deposited. Similarly, 
the preservation potential or differential rate of 
decomposition all affect the interpretation of the 
environment. Exposed relict sediments may not be truly 
representative of an ancient environment, since such 
sediments are temporally susceptible to many diagenetic 
and epigenetic processes. 
Key Environmental Indices 
Miller and Olson (1955) have grouped quantitative 
measures of properties of sedimentary environments into 
Environmental Indices. These Indices are listed 
according to three categories. These provide sole 
discrimination of (i) modern environments that have 
undergone little or no diagenetic change, and (ii) 
ancient environments that have undergone diagenesis. 
However, the Key Environmental Indices are (iii) those 
which will provide a discrimination of modern 
environments while undergoing little or no change from 
diagenetic processes. 
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The Key Environmental Indices for this study arr>: 
sediment texture and grain size, sedimentary 
structures, and stratigraphic sequences. It must be 
noted that texture is specifically applied as a synonym 
for grain size although it can bo applied as a general 
term to include properties of grain shape, surface 
texture, and primary fabric. 
Sedimentological Attributes 
Sediment Texture And Grain Size 
Sediment texture parameters, which are applied to 
differentiate between depositional environments, have 
been subjected to conflicting opinions. Folk and Ward 
(1957), Mason and Folk (1953), Friedman (1951), Sahu 
(1964), Koldjik (1963), Mciola and Weiser (1963), 
Greenwood (1969), Dickas (1970), Sclohub and Klovan 
(1970), Veerayya and Varadachari (1975) have indicated 
that textural parameters cf mean size, standard 
deviation, skewness, and kurtosis are environmentally 
sensitive under certain conditions. In contrast, 
3'nepard and Young (1961), Schlee et al . (196'l); °evcn 
(1966) have presented data which indicate that textural 
parameters cannot be employed to differentiate between 
marine and fluvial sands. 
While grain size is a measure, which may !>"> 
interpreted in terms of the processes of sedimentation 
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( G r i f f i t h s , 1967), the d i f f e r en t laboratory methods 
employed to der ive the s ize frequency curve and the 
d i f f e ren t computational procedures used for ca lcu la t ing 
the t ex tu ra l parameters do not necessar i ly render 
commensurable r e s u l t s . Laboratory methods include: 
dry s i ev ing , s e t t l i n g tube, hydrometer, loose grain 
measurement, and thin sec t ion; whereas, computational 
procedures include e i the r moment measures or graphica l . 
The published conclusions derived from them have not 
been fu l ly comparable as a r e s u l t of these differences 
in ana ly t i ca l procedures. 
The appl ica t ion of t ex tu r a l parameters to 
environmental d iscr iminat ion assumes tha t the 
parameters do in fact r e f l e c t the physical condit ions 
prevai l ing at the s i t e of deposi t ion (Greenwood 1969). 
However, "the process-response re la t ionshps exis t ing 
between sediment t ex ture and the hydrodynamics of 
deposi t ional environments are incompletely understood" 
(Greenwood and Davidson-Arnott 1972, P. 679). The 
v a r i a b i l i t y in labora tory procedures, sampling methods, 
and parameter computations may be important factors 
tha t cont r ibu te to t h i s problem of associat ing sediment 
t ex ture with the hydrodynamics of an environment. 
Within these l i m i t a t i o n s , most sedimentologists be l ieve 
tha t t ex tu ra l parameters are both useful and valid for 
in t e rp re t ing deposi t ional environments. In some cases , 
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those pa ramete rs may indeed enhance the i n t e r p r e t a t i o n 
of d e p o s i t i o n a l p roces se s (Solohub arid Klcvan, 1070; 
Moid a and Spencer , 1973). 
The author b e l i e v e s t h a t sediment t e x t u r e as a 
Key E'nvironraental Index for s ed imen tc l eg i ca l s t u d i e s i s 
usefu l and j u s t i f i e d , a l though qua l i fy ing r e s t r i c t i o n s 
must be r e c o g n i z e d . 
Sedimentary S t r u c t u r e s 
Probably the two most impor tan t Key Environmental 
I n d i c e s t h a t can be app l ied in any study of modern and 
anc i en t s e d i m e n t o l o g i c a l environments are the preserved 
bedforms and sedimentary s t r u c t u r e s . Although i t i s 
p o s s i b l e to l o c a t e s t r u c t u r e s t h a t are s imi la r and yet 
produced in d i f f e r e n t d e p o s i t i o n a l envi ronments , i t has 
long been recognized t h a t bed deformat ions or bedforms 
e x h i b i t r e g u l a r v a r i a t i o n s in shape as they respond to 
flow c o n d i t i o n s . Moreover, where th.:.' sedimentary 
s t r u c t u r e s a re p r e s e r v e d , they can br used to e l u c i d a t e 
the type of d e p o s i t i o n a l environment . 
Most s t u d i e s of bedforms and s t r u c t u r e s produced 
by wave a c t i v i t y have been performed in e i t he r the 
o f f s h o r e , the zone where rap id t r ans fo rma t ion b e g i n s , 
or in the fo reshore area where wave energy d i s s i p a t e s . 
Some d e t a i l e d o f f shore i n v e s t i g a t i o n s inc lude those of 
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Inman (1957) , Tanner (1959, 1963) Newton (1963) , 
C l i f ton e t a l . ( 1 9 7 1 ) . The s t r u c t u r e s formed in the 
fo reshore zone have been desc r ibed in even g rea te r 
d e t a i l as a r e s u l t of t h e i r a c c e s s i b i l i t y a t low t i d e . 
Such s t u d i e s i n c l u d e the work of Gresswel l (1937) , 
Thompson (1937 ) , King and Will iams (1949) , Davis e t a l . 
(1972) , Hayes ( 1 9 7 2 ) . 
Research c a r r i e d out on bedforms and the 
s t r u c t u r e s found in the near shore zone has been very 
l i m i t e d with n o t a b l e e x c e p t i o n s being Cl i f ton e t a l . 
(1971) , Hunter e t a l . (1972) , Davidson-Arnott and 
Greenwood (1974, 1976). A f a c i e s model can be defined 
by the v a r i o u s c h a r a c t e r i s t i c s of the sedimenta t ion 
u n i t s w i th in a s t r a t i g r a p h i c sequence . So f a r , such 
models have been absent for bayheads in a l a c u s t r i n e 
environment , and only a v a i l a b l e for b a r r e d , non-bnrred 
and b a r r i e r marine env i ronments . 
S t r a t i g r a p h i c Sequence 
By us ing W a l t h e r ' s Lau, v e r t i c a l and l a t e r a l 
f a c i e s r e l a t i o n s h i p s can be cons idered as useful Key 
Environmental I n d i c e s for a prograding s h o r e l i n e . 
One seldom f inds a s h o r e l i n e "ou tc rop" t h a t can 
be t r a ced for g r e a t d i s t a n c e s in both l a t e r a l and 
v o r t i c a l e x t e n t s . Nor i s i t f e a s i b l e to examine an 
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en t i r e shore l ine in any other dimension than l a t e r a l . 
In a prograding shorel ine system, one can assume tha t 
each foreshore fac ies wil l eventually be superjacent to 
the fac ies t ha t was previously offshore from i t . 
Therefore, moving v e r t i c a l l y down-section i s analogous 
to moving offshore into deeper water where wave and 
current condi t ions are l e s s a c t i v e . Carefully used, 
these inferences about environmental and hydrodynamic 
cons t r a in t s can add to our understanding of primary 
sedimentary s t r u c t u r e s and sequential changes of 
bedforms in v e r t i c a l sec t ions (Harms e t a l . 1975). 
From the preceeding d iscuss ion , the Key 
Environmental Indices for t h i s t h e s i s project a re : 
bedforms and sedimentary s t r u c t u r e s , s t r a t ig raphy , and 
sediment t e x t u r e . 
Application Of Indices For This Study 
S t r a t i g r a p h i c a l evidence obtained from a visual 
evaluation of bedding sequences within each sample s i t e 
should permit c l a s s i f i c a t i o n of the type of 
deposi t ional environment. Sediments obtained from the 
sample s i t e s wil l enable sediment tex ture parameters to 
be computed and combined in b iva r i a t e p lo ts as a t e s t 
of t he i r r e l i a b i l i t y for discr iminat ing between 
environments. The discr iminat ing a b i l i t y of sediment 
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size d i s t r i b u t i o n s wi l l be demonstrated by analyzing 
the i r component popula t ions . F ina l ly , information 
accrued from an examination of subenvironment bedforms 
and sedimentary s t r u c t u r e s wil l be assimilated into a 
facies model for the modern environment. This facies 
model can be used in an evaluation of sediments 
preserved in the ancient environment. 
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CdAPTER THREE DATA ACQUISITION AND ANALYSES 
The p r o c e d u r e for d a t a c o l l e c t i o n employed in 
t h i s r e s e a r c h can be o u t l i n e d a c c o r d i n g t o p r i m a r y and 
s e c o n d a r y s o u r c e s . The p r i m a r y source* i n c l u d e s f i e l d 
s t u d y d a t a o b t a i n e d frcrn s u r v e y i n g and sed imen t 
s a m p l i n g . S e c o n d a r y s o u r c e s a r ^ based on d a t a 
r e s u l t i n g from the h i n d c a s t i n g of waves , t h e 
c o n s t r u c t i o n o f r e f r a c t i o n d i a g r a m s from a wav1 
e n e r g y - r e f r a c t i o n computer programme (May, 1 9 7 4 ) , and 
t h e use o f a i r p h o t o g r a p h s as we l l as Canada 
T o p o g r a p h i c S e r i e s 1 :50 ,000 maps . 
Prim?iry Data 
Su rvey P r o c e d u r e 
The s u r v e y i n g was a c c o m p l i s h e d by means of an 
e n g i n e e r ' s l e v e l , a m e t r i c s t a d i a r o d , Brunton compass , 
Ab.ney l e v e l and m e t r i c t a p e . Twelve t r a n s e c t s were 
su rveyed in b o t h modern and a n c i e n t e n v i r o n m e n t s , ( F i g . 
6 ) . The a n c i e n t r i d g e s were su rveyed normal to t he 
i n f e r r e d s h o r e l i n e , and t h e modern n~>ar s h o r e t o th^ 
maximum l i m i t o f wading a long a l i n e normal to t h e 
b e a c h . T h i s p r o c e d u r e e n a b l e ' c o n t o u r naps to be drawn 
o f l i t t o r a l zone and r a i s e d sho r^ l i r . ' - t o p o g r a p h i e s . 
Su rvey m e a s u r e m e n t s were l i n k e d to a permanent beach 
mar!'. on t h e b a c k s h o r e , s i n e ' ' i t c o u l 1 b~' ua 'd as datum 
for a l l maps and p r o f i l e s . 
H A E L B A Y S A M P L E S I T E S A N D S U R V E Y T R A N S E C T S 
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Sed imen t Sampl ing 
S e d i m e n t s a m p l i n g c o n s i s t e d of p h o t o g r a p h i n g 
s e c t i o n s and removing s e d i m e n t s amples from i n d i v i d u a l 
s e d i m e n t a t i o n u n i t s in s e q u e n c e t h r o u g h o u t a v e r t i c a l 
s e c t i o n a s w e l l as from s u r f i c i a l u n i t s a long the 
t r a n s e c t s . Care was r e q u i r e d , s i n c e t h e u n i t t o be 
sampled cou ld be c o n t a m i n a t e d by o t h e r u n i t s in such a 
manner t h a t an e r r o n e o u s s i z e d i s t r i b u t i o n would r e s u l t 
when t h e d a t a were c o m p u t e d . The sampl ing t e c h n i q u e i s 
a m o d i f i c a t i o n o f a scheme o u t l i n e d by Annn ( 1 9 6 9 ) , and 
i s a s t r a t i f i e d s y s t e m a t i c s amp l ing p r o c e d u r e . By 
s a m p l i n g i n d i v i d u a l u n i t s from y v e r t i c a l s e c t i o n , 
s t r a t i g r a p h i c a l and s p a t i a l c o n t r o l ar I i n s u r e d . 
T e x t u r a l p a r a m e t e r s and g r a i n s i z e d i s t r i b u t i o n s were 
d e t e r m i n e d for s u b e n v i r o n m e n t s b o t h normal and p a r a i w - l 
t o t h e t r a n s e c t s . Another s amp l ing a l t e r n a t i v e i s un-
s y s t e m a t i c g r i d t e c h n i q u e . Al though t h i s • n-'thod i s 
a p p a r e n t l y f r e e o f o p e r a t o r b i a s , i t i s a c t u a r y 1'"'53 
amenable b e c a u s e t h e i n t e r b o d d ing of f i le!- : bods wi th 
' ex t remely t h i n b e d s can l e a d to i n c o n s i s t e n c i e s whereby 
some t h i n u n i t s a r e o m i t t e d . The a d d i t i o n a l equipment 
r e q u i r e d for d e m a r c a t i n g t h e g r i d and for s e l e c t i n g th'1 
s a m p l e s a l s o makes t h i s p r o c e d u r e cumbersome an i t i m ° 
c o n s u m i n g . 
Sed iment s a m p l e s and r e s i n p e e l s of s e d i m e n t a r y 
s t r u c t u r e s f r o n t h e modern l i t t o r a l zone wer" o b t i i n ^ d 
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from sediments contained within a s t a i n l e s s s t e e l , 
wedge- shaped box core sampler. This sampling device 
measured 35 cm in height by 25 cm in width and 15 cm in 
depth. The coring technique i s a modification of a 
scheme proposed by Klovan (1964) as implemented by 
Davidson-Arnott and Greenwood (1974). This technique 
permitted continual use of the coring device because a 
galvanized sheet metal l i n e r , which f i t t ed within the 
corer , could be immediately removed upon completion of 
sampling from each s i t e . Upon removal, each l ine r was 
then packed with dry sand to prevent the core from 
f rac tu r ing , and a l id bearing the o r i en ta t ion and 
sample number was fastened by two screws. These uni ts 
were returned to the labora tory where a l l peels were 
simultaneously c a s t . Figure 7 shows the coring device 
as well as one sample uni t ready for t ranspor t to the 
labora tory . Care must be exercised to insure that the 
core i s sampled v e r t i c a l l y , s ince deviat ion from t h i s 
wil l r e s u l t in sedimentary s t r uc tu r e s tha t display 
improper dip as a r e s u l t of operator e r ro r . 
The peels were cas t by using a modified version 
of a method o r i g i n a l l y out l ined by Burger e t a l . 
(1969). CIBA chemicals #6010 epoxy and #850 hardener 
were mixed in a one to one r a t i o and poured over the 
core . This was accompanied by muslin c lo th , which was 
immediately applied to provide a firm backing when 
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FIGURE 7 
BOX CORING UNIT 
COMPLETE WITH ONE SAMPLE 
11 
p o l y m e r i z a t i o n was c o m p l e t e d . T h i s method no t o n l y 
e l i m i n a t e s two c h e m i c a l : ; and a d d i t i o n a l c o s t s b u t a l s o 
i s d i r e c t l y a p p l i c a b l e t o e i t h e r f r e s h or s a l i n e water 
c o n d i t i o n s . I m m e d i a t e l y a f t e r t h e p e e l s were made, 
s e d i m e n t s a m p l e s c o r r e s p o n d i n g to i n d i v i d u a l 
s e d i m e n t a t i o n u n i t s were t aken from t h e r e m a i n i n g corp 
s e d i m e n t s . Each s e d i m e n t a t i o n u n i t was d e f i n e d by 
p r i m a r y s e d i m e n t a r y s t r u c t u r e s . Sampl ing c o n s i s t e d of 
s c r a p i n g s e d i m e n t s from t h ^ s u r f a c e o f each u n i t . Th i s 
p r o c e d u r e was a p p l i e d to s e d i m e n t a t i o n u n i t s w i t h i n 
v e r t i c a l s e c t i o n s for b o t h modern a n i a n c i e n t 
e n v i r o n m e n t s . 
Sieve Ana lys is 
Samples a c q u i r e d from each s i t ' 1 ./rarc p r e p a r e d for 
g r a i n s i z e a n a l y s i s by wash ing w i t h d i s t i l l e d w i t e r . 
IJo o r g a n i c m a t e r i a l was p r e s e n t . S i e v i n g of 1 p>9 
s a m p l e s was c a r r i e d o u t in a c c o r d a n c e wi ta t h^ 
me thodo logy of Fo lk (197 '+) . Ty1 <^ r s i e v e s in 
o n ^ - q u a r t e r ph i i n c r e m e n t s and a Ro-Tap n a c h i n ^ w n r " 
used for s i e v e p u r p o s e s . S a n p l e w e i g h t s r or s a n i s wor ^ 
30 g r a m s , w h i l e 250 gram s a m p l e s wer<^ n e c e s s a r y for 
f i n ^ g r a v e l s . A f t e r a s i e v i n g t i m e of t e n m i n u t e s , a 
c h e m i c a l b a l a n c e was u t i l i z e d to weigh s i z e f r a c t i o n s 
t c 0 .001 gram. Fo lk t e x t u r a l c l a s s i f i c a t i o n s , 
f r e q u e n c y J i s t r i b u t i o n s , and s i z e f r e q u e n c y s t a t i s t i c s 
of mean p a r t i c l e s i z e , s t a n d a r d J e v i a t i o n , s k e w n ^ s s , 
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k u r t o s i s , and r e l a t i v e e n t r o p y were c a l c u l a t e d by a 
F o r t r a n IV compute r programme (Kane and H u b e r t , 1953 ) . 
The s i z e f r e q u e n c y s t a t i s t i c s wore conpu ted and 
e x h i b i t e d a c c o r d i n g to t h e method of moments a s wel l as 
t h e s e of Inrnan ( 1 9 5 2 ) and Fo lk and Ward ( 1 9 5 7 ) . 
S e c o n d a r y Data 
By u t i l i z i n g an a i r p h o t o g r a p h s e r i e s (73 'J25 3 
32 -3 3 4 ) , a Canada T o p o g r a p h i c s e r i e s map C I 9 / G / 9 / E ) , 
and a Canada H y d r o g r a p h i c B a t h y m e t r i c c h a r t ( # 2 2 9 8 ) , i t 
was p o s s i b l e t o s e l e c t a r e a s t h a t were a c c e s s i b l e and 
t o l o c a t e t w e l v e a n c i e n t sample s i t e s ( F i g . 6 ) . 
Wind Data And Wave H i n d c a s t i n g 
The g e n e r a t i o n o f w a v e s , for t he most p a r t , 
d e p e n d s on t h e t r a n s f e r o f e n e r g y from wind to t h j 
wa te r s u r f a c e . The p e r i o d and s i g n i f i c a n t h e i g h t oV 
t h e waves can be d e t e r m i n e d by t h e win! s p e e d , 
d i r e c t i o n , d u r a t i o n , and f e t c h l e n g t h . These wind 
c h a r a c t e r i s t i c s were o b t a i n e d for Michael Ray from 1973 
h o u r l y wind d a t a measured a t South Bay, M a r i t o u l i n 
I s l a n d . The d a t a a r e r e c o r d e d an i o.?s^ ribl^d by t h e 
Canad ian Depar t raen t Of T r a n s p o r t , Downsviow, O n t a r i o . 
Data were employed in t h e S v e r d r u p , Munk, and 
r5r e t s c h n ^ i d e r ( S . M. B. ) wive h i r . d r a s t method , is 
',iii,l IfK'd i>y t!i '1 U.:>. Army Co,j.'-;t,Hl l,"ii;iri" 'r in;1, R" ' i " i r^h 
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Center (C.E.R.C.) in 1973, to determine the significant 
wave heights and periods for the various fetch lengths. 
The S.M.B. method of hindcasting deep inter waves 
from wind data is essentially the result of many wave 
observations that were collected to establish empirical 
relationships between the variables affecting the 
growth of waves and the -wave characteristics. For 
example, the curved lines indicating the significant 
wave height (Fig. 8), were modified by Br etschneider 
(1952) after Sverdrup and Munk (19'*7). He combined 
additional empirical information concerning the wave 
spectrum and wave generation parameters to refine the 
accuracy of this hindcast procedure. His work 
concerned a combination of the following ratios: Co/U 
versus gF/UU and gH/UU versus gF/UU. Co is the deep 
water velocity measured in feet per second, U is the 
mean surface wind speed in either miles per hour or 
knots, F is the fetch length in either statute or 
nautical miles, H is the significant deep water wove 
height in feet, and g is the component of gravitational 
acceleration in feet per second squared. 
Wave characteristics from this wave hindcast were 
employed in a Fortran IV computer programme (May, 1974) 
to determine the wave refraction pattern for Michael 
Bjy. This computer programme was compatible for a 
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C o n t r o l Data (CDC) 5503 computer sys tem and was amended 
for use on a Xerox Sigma 7 comput ing s y s t e m . 
Wave R e f r a c t i o n 
R e f r a c t i o n p a t t e r n s for an a r e a a r e i m p o r t a n t 
b o c ? u s e t h e y p e r m i t d e s c r i p t i o n of c o a s t a l p r o c e s s e s 
and an e x p l a n a t i o n of s h o r e l i n e morpho logy . In 
v j d i t i o n , p r e d i c t i v e s t a t e m e n t s can be mado c o n c e r n i n g 
c o a s t a l change when combined wi th p e r c e n t a g e f r equency 
of o c c u r r e n c e d a t a such a s s to rm wind p a r a m ^ t ^ r s a n ! 
i '^pth of d i s t u r b a n c e c o n d i t i o n s . 
WAVFNRG (May, 197'M i s a computer pr ogr, , q riu t h a t 
was implemented to c a l c u l a t e t h e r e f r a c t i o n p a t t e r n s 
jnd t h e l i t t o r a l power g r d J x ^ n t . Th ^ u i v « p e r i o d , d^"p 
water wave h e i g h t , d i r e c t i o n of p r o p a g a t i o n , and 
b a t h y m e t r y a r e i n p u t d a t a . Output from t h i s programme 
i n c l u d e s : 
i ) t r a c k i n g of i n i i v i d u a l r a y s t o 
a p o i n t wher^ th^ i/av<> b r e t'cs; 
i i ) t o t a l b rc I'-.V pow^r 
( j o u l os / 'n - sec . ) ; 
i i i ) th'> ' -"f f^ct ivo s h o r e par * ] l e l 
component of b r e a k e r power 
( jouJ e s / m - s e c ) ; 
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iv) the mean longshore current 
ve loc i ty (m/sec.) and the 
d i r ec t i on of r e s u l t a n t flow 
normal to the propagation 
d i r e c t i o n . 
The c r i t e r i o n for breaking waves i s 0.78 or where 
the r a t i o of wave height to water depth exceeds t h i s 
value . The t o t a l breaker power gives an indicat ion of 
the po ten t i a l energy within one point along the wave 
ray as well as along the e n t i r e wave front . Kinetic 
energy i s indicated by the shore p a r a l l e l component of 
breaker power, s ince t h i s index r e l a t e s to bed 
f r i c t i o n . 
There are some assumptions within t h i s programme 
t h a t must be pointed out . I t i s assumed tha t no 
s ign i f i can t energy lo s s occurs as a r e s u l t of in te rna l 
f r i c t i o n , free surface f r i c t i o n , adverse currents or 
percola t ion into the bed. However, Lamb (19^5) 
demonstrated tha t i n t e rna l f r i c t i on as a cause of wave 
energy loss i s neg l ig ib l e for water because of i t s low 
v i s c o s i t y . The effect of free surface f r i c t ion i s 
eliminated by assuming absence of wind. The bottom 
f r i c t i on i s neg l ig ib l e for water depths exceeding 
one-half the wavelength. 
Computer "noise" tha t would be generated when 
running c lose ly spaced rays was a l l ev ia ted by running 
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i n d i v i d u a l wave rays f o r each d i r e c t i o n o f wave 
p r o p a g a t i o n . 
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CHAPTER FOUR EXAMINATION OF MODERN AND ANCIENT ENVIRONMENTS 
Modern Environment 
The investigation of the embayment included the 
refraction, bathymetric, and sedimentological 
characteristics. 
Wave Refraction 
Wave refration diagrams for Michael Bay were 
constructed by using the wave characteristics from wave 
hindcasting and data collected by the Canada 
Hydrographic Service as well as data from littoral zone 
surveying. The method applied to draw the refraction 
diagrams is a numerical technique described by May 
(1974). An alternative method is the graphical 
technique, but this approach requires manual 
construction of the diagrams (King, 1972; C.E.R.C., 
1973). 
Grand means for wave period and significant deep 
water heights for each direction of propagation were 
used as input data. These represent the most 
frequent occurrence of refraction patterns for winds 
generated from the west and the southwest. In addition 
wave rays were generated from the south southwest by 
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u s i n g t h e s o u t h w e s t wind d a t a . T h i s was n ^ c ^ s s a r y 
s i n c e d i s c r e t e d a t a were n o t a v a i l a b l e for t h i s 
d i r e c t i o n . Winds a r r i v i n g a t t h e e.nbaymerit from o the r 
d i r e c t i o n s a r e n o t s i g n i f i c a n t owing to th« e n c l o s e d 
n a t u r e of t h e s i t e . For e x a m p l e , n o r t h w e s t , n o r t h e a s t , 
and n o r t h winds a r e i n e f f e c t i v e owing to th** p r e s e n c e 
of l a n d . S i m i l a r l y , Walker P o i n t would cause 
a t t e n u a t i o n of waves from t h e s o u t h . Tab le 1 e x h i b i t s 
t h e d a t a t h a t were employed in t h i s r e f r a c t i o n s t u d y . 
Wave r e f r a c t i o n d i a g r a m s for Michael D,ay a r e 
i l l u s t r a t e d in F i g u r e s 9 , 10, and 1 1 . The number a t 
t h e t e r m i n u s o f e a c h r a y i s t h e b r e a k e r wave power 
p a r a m e t e r ( j c u l e s / m e t r e - s e c o n d ) , which was d e t e r m i n e d 
w i t h i n t h e compute r programme. T h i s can be c o n s i d e r e d 
a r e l a t i v e measu re of wave e n e r g y . The de^p w.it^r wave 
l e n g t h s fo r each of t h e d i a g r a m s a r e u n r e l a t e d , s i n c e 
t h e mean wave h e i g h t s and p e r i o d s for each wave 
d i r e c t i o n a r e d i f f e r e n t . T h e r e f o r e , t h e s e b r e a k e r - w a v e 
power p a r a m e t e r s a r e o n l y c o m p a r a b l e between wave r a y s 
w i t h i n each d i a g r a m . P o s i t i v e and n e g a t i v e v a l u e s 
i n d i c a t e t h e d i r e c t i o n of l o n g s h o r e t r a n s p o r t as viewed 
from o f f s h o r e . The p o s i t i v e s i g n r e f e r s t o t r a n s p o r t 
t o w a r d s t h e r i g h t w h i l e t h e n e g a t i v e s i g n c o n v e r s e l y 
i n d i c a t e s t r a n s p o r t t o t h e l e f t . 
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T A B L E 1 
SUMMARY OF WAVE CHARACTERISTICS 
FOR MICHAEL BAY WAVE REFRACTION DIAGRAMS 
Wind Mean Mean F e t c h 
D i r e c t i o n S i g n i f i c a n t P e r i o d Length 
H e i g h t (m) (Sec) (km) 
West .40 5 . 3 117 .12 
S o u t h w e s t .43 6 .4 173 .92 
S o u t h S o u t h w e s t .43 6 .4 160 .52 
PERIOD 5 Sec. 
WAVE HEIGHT .40 
I 96 + 
JouteS''\1et re—Sec. 
40 23 -f-
M I C H A E L B A Y 
B A T H Y M E T R Y A N D W A V E R E F R A C T I O N 
<>i i . . i n n o o FIGURE 9 Billhy«"*t»v In M«'t'i-N 
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When waves approach from the west, as shown in 
Figure 9, the wave power parameters indica te low wave 
energy in the bayhead (11.96 to 15.97 jou les /m-sec . ) , 
whereas, r e l a t i v e l y higher wave energy (30.24 to 80.13 
joules/m-sec.) occurs in the area south of Blue Jay 
Creek. Figure 10 exhib i t s highest values of wave 
energy d i s t r i b u t i o n and t ranspor t d i r e c t i o n . These 
high energy values occur for southwest waves and are 
explained by the greater magnitude and frequency of 
winds. I t also s ign i f i e s tha t higher and longer 
duration waves wil l occur and these are capable of 
producing more work at the shore l ine . The ref rac t ion 
pat tern for southwest wind data for waves generated 
from the south southwest represents the lowest values 
of the s ign i f i can t wave spectra tha t would influence 
Michael Bay. Wave power values are lowest while 
t ranspor t d i r ec t i ons are similar to the other two 
diagrams. 
The r e s u l t s for each wave ref rac t ion diagram 
indicate areas of po ten t ia l erosion and t ranspor t 
d i r e c t i o n . The area to the south of the Michael Bay 
-Blue Jay Creek in te r face exhib i t s a net t ranspor t 
d i rec t ion to the north while the bayhead i s 
character ised by only local ized t ranspor t as indicated 
by the lower wave power values and by the v a r i a b i l i t y 
in t ranspor t d i r e c t i o n . This embayment can be 
in 
clrissified as low energy, since significant breaker 
height will be frequently less th^n one rnctr^, (Clifton 
et al., 1971). The results -also indicat" that 
magnitude and frequency cf winds ,irn more important 
than the fetch. This is in agreement with results 
obtained by Johnson (1945). 
Littoral Zone Bathymetry 
The Michael Bay littoral zone at the bayhead 
spans 1.2 kilometres and consists cf a bread shoal zone 
lakeward of the cuspate shoreline. Also present is a 
multiple longshore bar system that comprises two to 
three bars which are shaped either subcr^sc^ntic or 
parallel in plan. Figure 12 displays those features ,is 
well as the bathymetry. Figures 13 and 1'1 are better 
indications of the subaqueous topography with the 
survey lines corresponding to those shown in Figure 5. 
Longshore Bar Topography 
Longshore bars can occur as either single or 
multiple features. "The number of bars is greater 
where the gradient is flatter" (Mands, 1976). This 
serves as a possible explanation for the series of bars 
within the embayment, sinc^ the mean gradient is 
approximately 1:80. Kindle (1936) noted as many as ten 
longshore bars present within Chesapeake Bay. These 
possessed a wavelength cf 25 metres and were attributed 
ro 
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to a gent le g rad ien t . Evans (1940) reported tha t three 
bars were commonly present for fine sediments in the 
eastern shore of Lake Michigan. In Michael Bay, a mean 
su r f i c i a l sediment size of 3.1320 is the primary factor 
that cont r ibutes to t h i s gradient , while a secondary 
factor i s the basin configuration whereby headlands are 
capable of protect ing the shorel ine from erosion by 
high energy waves. Moreover, minimum wave energy i s 
concentrated in the bayhead. 
The r e l a t i v e spacing of bars can be best 
explained by the c h a r a c t e r i s t i c s of the wave c l imate . 
The bars occupy a wide zone across the bayhead but only 
extend lakeward within a range of 160 metres. A mean 
wavelength of 20 metres between the landward and 
centra l bar, and 30 metres between the cent ra l and 
lakeward bar i s ind ica t ive of low energy, since higher 
energy waves would obviously crea te a bar topography 
far ther lakeward with a greater wavelength between 
successive bars or troughs, (Keulegan, 1948; King and 
Williams, 1949; Car ter , Lui, and Mei, 1973; Lau and 
Travis , 1973). Thus, the c h a r a c t e r i s t i c s of the wave 
c l imate , the l i t t o r a l zone gradient , and the fine 
sediment size are apparently conducive to t h i s pat tern 
of mult iple bar topography. 
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Sediment Samples 
Sediments sampled from 43 sites extending from 
the berm through other subenvironments were examined to 
determine the textural pattern of surficial sediments 
and textural properties of bedforms evident in vertical 
sections (Fig. 15). Twenty seven sites were sampled 
for both surficial sediments and subsurface sediments, 
while the remaining sixteen sites were sampled solely 
for surficial sediments throughout the littoral zone. 
Ancient Environment 
Twelve sites within the ancient bayhead were 
sampled for their textural properties. Six of these 
sites were then selected for more detailed analyses 
concerning their sedimentological and morphological 
attributes. The six sites are depicted in Figures 16 
to 21. They illustrate the bedding characteristics for 
each site, and they respectively correspond to sample 
sites: MB1, MB3, MB5, MB6, MB10, and MB12. 
Interpretation Of Sites 
An interpretation will be made of these 
photographed sections in an attempt to determine the 
type of depositional environment. This interpretation 
consists of information from visual evaluation of 
sedimentary structures, provenance of sediments as well 
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SAMPLE SITE: MBl Ancient Beach Ridpes And 
Corresponding Sediments 
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FIGURE 17 
SAMPLE SITE: MB3 
Fluvial Sediments 
Scale 1 Metre 
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FIGURE 18 
SAMPLE SITE MB5: Ancient Beach Ridge 
Bottom Photograph Shows Beach Sediments 
That Are Located Beneath The Shovel Of 
The Top Photograph 
Scale 1 Metre 
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FIGURE 1ft 
SAMPLE SITE MB6 
Ancient Beach Sediments 
Top Scale 1 Metre 
Bottom Scale 6 cm 
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SAMPLE SITE: MBIO 
FIGURE 20 
Ancient Dune And Subjacent Beach Sediments 
Scale 1 Metre 
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FIGURE 21 
SAMPLE SITE: MB12 Ancient Beach Ridge Sediments 
Scale 1 Metre 
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as from morphology of the features. Visual evld^ nc-.-
from the photographs suggests thnt th^ deposits c?r bn 
classified as lacustrine (Figs. 16, 1P, 19, 21), 
fluvial (Fig. 17), and dune (Fig. 20). 
Figure 16 displays the morphology of two ridges 
as well as sediments within the ridge in the 
background, (Sample Site MB1). These are inferred as 
beach sediments because they are stratified in a 
lakcv/ard direction and the imbrication clearly reflects 
the clast-supported sorting characteristic of 
lacustrine beach sediments. Sediment sizes range from 
-3.250 to -5.500. The sediment morphology exhibits 
roundness values that range from .22 for the cobbles to 
.83 for the pebbles. Mean roundness is .515 for these 
sediments. Measurements of axes carried cut 
according to Folk (1974) indicate that pebbles (-5.500 
to -5.750) are very platy and platy; small cobbles 
(-5.000 to -7.000) are very elongated and elongated; 
and large cobbles (-7.500 to -3.250) are compact, 
bladed and bladed. In plan, these ridges extend within 
a range of 140 to 200 metres in length and are 
genetically related to the local bedrock. The profiles 
shown in Figure 22 indicate the ridge morphology for 
the sample area. Sediments within shallow exposures 
along th2 central portion of the centre and most 
lakewarj ridge were poorly sorted and almost dianictic, 
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w h i l e t h e w e s t e r n p o r t i o n of t h e s e same r i d g e s 
e x h i b i t e d d e f i n i t e i m b r i c a t i o n an 1 sequence of 
s t r a t i f i c a t i o n . The o n l y p o s s i b l e e x p l a n a t i o n for t h i s 
d i s r u p t i o n in l a t e r a l c o n t i n u i t y of s o r t i n g a r i s e s from 
sed imen t d i s t u r b a n c e by i n h a b i t a n t s of t h e Michael Bay 
V i l l a g e . These r i d g e s a r e n o t b e l i e v e d to be induced 
or mod i f i ed by f l u v i a l p r o c e s s e s , s i n c e t h 0 t r o u g h 
between t h e s e r i d g e s e x h i b i t s a weak b c u l d e r pavement 
t h a t i s c o n s i d e r e d a l a g d e p o s i t formed by l a c u s t r i n e 
p r o c e s s e s . Moreover , f i n e sand c l a y or mud, were n o t 
e v i d e n t in any of t h e s e zones nor were t h e y o v e r l y i n g 
the c o a r s e s e d i m e n t s found in t h e c r e s t zone of t h e 
r i d g e s . The a b s e n c e of f i n e s e d i m e n t s in t h ^ s e zones 
t e n d s t o i n d i c a t e t h a t f l u v i a l p r o c e s s e s r e l a t i n g to 
c h a n n e l l a g , p o i n t b a r , and channe l bar a c t i v i t y were 
a b s e n t . 
The f l u v i a l s e d i m e n t s shown in F i g u r e 17 ("ample 
S i t e MB3) i n d i c a t e t h a t d r a i n a g e from a w e s t e r n s o u r c e 
succeeded l a c u s t r i n e p r o c e s s e s in t he a r e a . Th i s 
i n t e r p r e t a t i o n i s j u s t i f i e d b e c a u s e t he f l u v i a l 
• s e d i m e n t s in t h i s s e c t i o n ar o no t s u b j a c e n t t o e i t h e r 
l a c u s t r i n e or dune s e d i m e n t s . I n s t e a d , i t a p p e a r s t h a t 
t h i s was a m i n o r , l o c a l o u t l e t for d r a i n a g e i^.tc t h ° 
pr " s e n t Manitou R i v e r . 
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The photographs of Sample Site MB5 (Fig. 18) 
pertain to sections which display ridge and lower 
foreshore sediments. These sediments are characterised 
by inverse grading, which is typical of regressing 
waters, and a strong lateral persistence of 
sedimentation units which is common to wavelain 
environments. The gravels and sands correspond to 
lower foreshore sediments, while the shingle and 
cobbles are evidence of higher energy swash and berm 
sediments. The source of the shingle can be ascribed 
to two large bedrock outcrops situated to the west and 
east. These are situated less than 200 metres from 
this site in conjunction with two minor surficial 
outcrops that are located in closer proximity to this 
site. 
The Sample Site MB6, shown in Figure 19, is 
located 78 metres south or lakeward of Sample Site MB5. 
The lowest units in this site are landward dipping and 
are subjacent to lakeward sloping foreshore sediments. 
It is suggested that this is a berm sequence. 
The dune sediments shown in Figure 20 of Sample 
Site MB10 represent a migrating foredune that overlies 
beach sediments. Figure 21 depicts another beach ridge 
sequence that is subjacent to a thin unit of dune 
sands. 
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CHAPTER FIVE SEDIMENTOLOGICAL CHARACTERISTICS 
AND SEDIMENTARY PROCESSES 
Textural Parameters 
As a r e s u l t of the in te rac t ion of deposi t ional 
and post -deposi t ional processes, sediments found in 
d i f ferent environments exhibi t many d i f fe ren t forms. 
These forms of sediment deposit ion have resul ted in 
attempts to find measures tha t describe the deposi ts 
and to determine the processes tha t act or have acted 
upon them. Grain size i s a measure tha t Gr i f f i ths 
(1967) considers to provide information which may be 
interpreted in terms of sedimentation processes and i s 
a r e f l ec t ion of the manner in which the sediments were 
deposi ted. 
Size-frequency d i s t r i b u t i o n s obtained from grain 
size analysis have been used to ca lcula te t ex tura l 
parameters. These parameters have been employed widely 
in many s tudies because they are thought to r e f l ec t 
processes, which enable discriminat ion between 
environments. Friedman (1961) suggests tha t t ex tura l 
parameters are s ign i f ican t because the processes they 
r e f l e c t are the mode of t ranspor ta t ion and the energy 
of the t ranspor t ing medium. Greenwood (1969) has also 
pointed out tha t sediment dynamics and energy l eve l s 
within d i f fe ren t environments are readi ly recognized as 
influencing the resu l t ing sedimentary depos i t . 
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Most sedimentologists believe that the 
application of textural parameters is useful and valid 
for interpreting environments. Some researchers, 
however, have not considered these parameters to be 
environmentally sensitive. Shepard and Young (1961); 
Schlee et al. (1964); Sevon (1966) have presented data 
obtained from settling tubes to indicate that textural 
parameters are not environmentally sensitive and these 
parameters were unreliable for differentiating between 
modern lacustrine and fluvial sands. 
Various measures have been proposed for the 
derivation of textural parameters. Folk and Ward 
(1957) made use of graphic measures as a computational 
technique, since it enabled the use of a wider range of 
the total distribution. A limitation in this measure 
is the few number of points from the cumulative curve 
that can be employed in computations of textural 
parameters. Therefore, characteristics of the size 
distribution may not be exhibited, and the computation 
of an environmentally sensitive parameter such as 
skewness would not be possible. This would occur if 
the weight percentage of either the finest or coarsest 
grain size class exceeds five per cent. An efficient 
estimator of the population parameters is the method of 
moments. Its use involves the entire frequency 
distribution rather than selected percentiles as in the 
graphical measure. 
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Geological Significance Of Textural Parameters 
The application of textural parameters for 
discrimination between environments requires acceptance 
of the assumption that these parameters reflect 
processes of sedimentation and the energy of the 
transporting medium. This implies that each of the 
parameters can be defined by their geological 
significance as follows: 
i) Mean Size of a particle is a 
measure of the average 
particle size present in a 
sedimentation unit. It can be 
interpreted as a measure of 
the kinetic energy or mean 
velocity of the depositing 
agent. 
ii) Standard Deviation is an index 
of sorting that measures the 
dispersion of a distribution 
about a central tendency such 
as the mean. Well sorted 
sediments are indicated by a 
low numerical value whereas, 
poorly sorted sediments are 
represented by high values. 
This index can also describe 
energy conditions within an 
environment, since good 
sorting in a beach environment 
is associated with constant 
energy conditions and 
decreasing mean size. 
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sizes (Fig. 23). A process of selective sorting and 
preferential deposition by decreasing wave energy from 
the lower foreshore to the upper foreshore is evident. 
Therefore, deposition of fine sediment at the berm 
results from a decrease in swash velocity. The berm 
sediments are not associated with aeolian activity 
owing to the presence of swash marks. These marks also 
indicate that the sediments were associated with 
decreasing swash velocity. Since swash sediments 
display a greater range of mean sediment sizes, they 
reflect the relative energy prevailing at sites where 
sediments were sampled. Coarser sands were sampled 
from the horn or apex or the cuspate shoreline, while 
the finer swash sands reflect the embayment of this 
shoreline morphology. All swash samples were taken 
when the water receded because the textural properties 
and size distributions are more accurately represented. 
For example, sampling during swash or backwash will 
incorporate suspended load. This load will influence 
the characteristics of the resulting sediment 
parameters and size distributions. 
Sorting, skewness, and kurtosis parameter plots 
for berm samples also fluctuate less in range than the 
swash samples. This may be ascribed to more constant 
energy levels in the berm which result in a more 
homogeneous distribution of sediment. In contrast, the 
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action of swash-backwash farther down the foreshore 
induces poorer sort ing by mixing coarse and medium size 
g ra in s . 
Surf ic ia l sediment p rof i l es normal to shore 
indicate tha t coarsest sediments are s i tuated in the 
swash and trough subenvironments (Fig. 24). The trough 
zones are characterised by coarser l e s s well sorted 
sediment. Other subenvironments within the t ransect 
exhibi t be t t e r sort ing and d i s t i n c t va r ia t ions in 
presence of e i ther coarse of fine sediments. For 
example, the landward slope nearest to shore has well 
sorted sediments tha t primarily comprise fine sediment. 
This i s evident when these slope sediments are compared 
with the adjacent c res t sediments which exhibi t similar 
sorting but contain coarser sands. The d i sc re te 
var ia t ions of sediment size for the subenvironments 
r e f l ec t hydrodynamic processes. The bar c res t 
sediments are coarser because the shallow water depth 
enables breaking waves and passing troughs to t ranspor t 
fine sediments from th i s zone. As a r e s u l t of these 
processes, only coarser sediments p r eva i l . The 
subenvironments of the most lakeward bar are 
character ised by f iner grained and homogeneous 
su r f i c i a l sediment s i z e s . These sediment s izes r e f l e c t 
the decrease in competency of the waves as a r e s u l t of 
an increase in water depth over t h i s e n t i r e fea ture . 
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This increase in water depth reduces the a b i l i t y of a 
passing wave form to entrain coarser sediments. 
Techniques Employed For Distinguishing Between Environments 
i 
Bivariate Analysis 
According to Mason and Folk (1958), 
differentiation between marine, aeolian, and fluvial 
sediments could be obtained from plotting combinations 
of textural parameters. Friedman (1961) found that 
good separation resulted from plotting skewness versus 
standard deviation, while Moiola and Weiser (1968) 
favoured mean diameter versus skewness for 
differentiation between environments. Plots of mean 
versus standard deviation, skewness, and kurtosis, and 
a plot of skewness versus standard deviation will be 
made for the Michael Bay sediments of modern berm and 
swash, and inferred ancient environments of beach, 
fluvial, and dune. 
Friedman and Moiola and Weiser did not plot three 
depositional environments on their diagrams. Sediments 
from beach and fluvial environments (Friedman, 1967) as 
well as from fluvial and dune environments (Moiola and 
Weiser, 1968) were used for plots of mean versus 
standard deviation. Beach and fluvial (Friedman, 1967) 
and beach and dune (Moiola and Weiser, 1968) 
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'-•riv i r onwents wer e comp^rM by p l o t t i n g mean V - ^ J U I 
sk^wness v a l u e s . Beach and f l u v i a l env ir c n m - n t s w r n 
compared by t h e a u t h o r s in p l o t s of s t a n d a r d d e v i a t i o n 
v e r s u s s k e w n e s s . 
In t h i s s t u d y , two o b j e c t i v e ar e f u l f i l l e d by 
p l o t t i n g modern e n v i r o n m e n t s e i i m e n t p a r a m e t e r s 
s e p a r a t e l y from t h e a n c i e n t par am' t-^r s . Ih '1 f i r s t 
p e r m i t s a compar i son of t h e known modern l a c u s t r i n e 
s e J i m e n t s wi th t h e works o f Friedman ( 1 9 0 1 , 1967) and 
Moiola and Weiser ( 1 9 5 3 ) . The spcor; 1 e n a b l e s a 
compar i son o f t h e modern beach s e d i m e n t s wi th t h e 
i n f e r r e d a n c i e n t l a c u s t r i n e , f l u v i a l , a n i dune 
s e d i m e n t s . 
Component P o p u l a t i o n A n a l y s i s 
V i she r (19$9) r e l a t e d th--1 shape of *;he g r a i n s i z e 
c u r v e to t h e mode of t r a n s p o r t by p l o t t i n g phi 
i n c r e m e n t s v e r s u s c u m u l a t i v e f r e q u e n c y p e r c e n t a g e or. 
a r i t h m e t i c - p r o b a b i l i t y p a p e r . T h i s a n a l y s i s was bas«d 
on t h e i d e n t i f i c a t i o n of s u b p o p u l a t i o n s w i t h i n 
i n d i v i d u a l sample d i s t r i b u t i o n s . 
R e s u l t s from c o n f i r m a t i v e r e s e a r c h have i n d i c a t e d 
t n a t t h e s e c u r v e s a r e u s e f u l for e i t h e r d i f f e r e n t i a t i o n 
b" tween e n v i r o n m e n t s or in t<-r pr " t a t i o n o f d '••posi t j r,r, |} 
\>r ',c '•">:;".'! (Up"hur ' h , V)(>); 'ir ••enwo^d , 1 0 / ' ' ; .OJ t ih r , 
10 f ',; M l ' i d l . ' t o n , 197 r>). 
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Bivariate Plots showing four combinations of 
moment measures are i l l u s t r a t e d in Figures 25 through 
32. These p lo t s include sediments from both modern and 
ancient environments. Modern environment swash and 
berm samples were plotted separately from the inferred 
ancient beach, f l u v i a l , and dune sediments. 
Plots of mean diameter versus standard deviation 
indicate tha t finer grained swash and berm sediments 
are well sorted in the modern environment (Fig. 25). 
However, no meaningful separation was evident between 
the d i s t r i b u t i o n of these l acus t r i ne sediments and the 
l imi t s set by Friedman (1967) and Moiola and Weiser 
(1968) for discriminat ing thei r environments. These 
beach sediments plot as both beach and f luvia l 
according to Friedman's work, while they plot as dune 
and f luvia l in Moiola and Weiser 's diagram. The 
inferred beach and f luvia l sediments of Figure 26 also 
exhibited the same t rends . Only the inferred dune 
sediments are c l ea r ly discr iminated. 
An examination of inferred ancient beach 
sediments ind ica tes tha t they are be t te r sorted than 
the inferred ancient f luv ia l sediments (Fig. 26). An 
area i s also present where ancient f luv ia l sediments 
cannot be d i f fe ren t ia ted from the modern beach and 
inferred ancient beach sediments. This i s also the 
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same area (2.420) where the known modern beach could 
not be discriminated from the f luvia l and dune 
environments of Friedman and Moiola and Weiser. Thus, 
a p lot of mean versus standard deviat ion i s not a 
suf f ic ien t measure for discr iminat ing between 
environments. 
Modern swash and berm environment p lo ts of mean 
versus skewness compares favourably with Friedman's 
(1961) dune versus beach environment p l o t s . A beach 
environment i s accurately represented by t h i s plot 
(Fig. 27) . The ancient sediments do not exhibi t 
discernable t rends because many of the inferred f luvia l 
and beach sediments are assigned to a dune environment 
(Fig . 28) . 
The cont ro l l ing parameter i s the mean size which 
probably r e f l e c t s the competency d i f f e r e n t i a l within 
the modern environment; whereas, skewness appears to be 
of only r e l a t i v e l y minor usefulness. This can be 
explained by the environmental s e n s i t i v i t y tha t 
indica tes both pos i t ive and negative values for both 
the modern beaches and the inferred ancient f luvia l and 
l acus t r ine sediments. This environmental s e n s i t i v i t y 
may be a r e s u l t of d iagenes i s . 
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The mean diameter versus kurtosis plot for the 
modern environment shows a platykurtic trend for the 
swash and berm sediments (Fig. 29). The inferred 
ancient beach sands are more leptokurtic, while the 
fluvial sands attain platykurtic properties with 
decreasing grain size (Fig. 30). Only the inferred 
dune sediments (Fig. 30) plot separately from the other 
ancient sediments and the modern beach sediments (Fig. 
29). There are no discernable trends from a comparison 
of plots between the modern beach plots versus the 
ancient sediments. Nor are there any trends exhibited 
from solely examining patterns of inferred ancient 
fluvial and beach sediments. 
Figures 31 and 32 are plots of skewness versus 
standard deviation, and these are the most effective 
discriminators. They compare the best with the 
patterns and limits outlined by Friedman (1961, 1967) 
and Moiola and Weiser (1968). Similarly, a comparison 
of the swash and berm diagram of Figure 31 with the 
ancient sediment plots of Figure 32 exhibit a distinct 
pattern of separation for both modern and inferred 
beaches as they relate to the ancient fluvial and dune 
sediments. This pattern indicates that when skewness 
is plotted against standard deviation, a distinct zone 
is present for both modern and ancient beaches. These 
are better sorted than the inferred fluvial sediments. 
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The beach samples may r e f l e c t a more l imited and 
constant range of energy level than the f luvia l 
sediments. 
The r e s u l t s from t h i s analysis show tha t for a l l 
cases inferred dune sediments can be discriminated from 
beach and f luvia l environments. Discrimination between 
inferred beach and f luvia l environments occur best in a 
plot of skewness versus standard devia t ion . This 
concurs with r e s u l t s from Friedman's research. Other 
p lots concerning mean diameter versus standard 
devia t ion , skewness, and kur tos i s are not diagnost ic of 
deposi t ional environments. 
The r e s u l t s from an applicat ion of b iva r i a t e 
p lots have not been successful for d is t inguishing 
environments. Only the r e s u l t s obtained from plots of 
skewness versus standard deviation exhibi t t rends tha t 
are ful ly comparable between modern and ancient 
diagrams as well as with published r e s u l t s . The 
inferred ancient beach sediments plot in a pat tern tha t 
i s commensurable with the known modern beach 
environment as well as the l im i t s outlined by Friedman 
(1961, 1967). Moreover, the inferred f luvia l and dune 
samples also f a l l within the i r respect ive areas when 
compared to Friedman's work. 
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I n v e s t i g a t i o n s of Component Popula t ions from 
grain s i ze d i s t r i b u t i o n s by Visher (1953) , Upchurch 
(1970) , and Greenwood (1972) have shown t h a t g ra in s i z e 
p l o t s on a r i t h m e t i c p r o b a b i l i t y paper enable a 
d i f f e r e n t i a t i o n to be made between dune and beach 
envi ronments . 
Beach sediments of swash o r i g i n usua l ly e x h i b i t 
tv/o s a l t a t i o n p o p u l a t i o n s , in a d d i t i o n to the bedload 
and suspension p o p u l a t i o n s . Kclrner (1973) has 
demonstrated by using a wave; t ank , t h a t thes^ tv/o 
s a l t a t i o n popu l a t i ons are r e l a t e d to p rocesses of swash 
and backwash. In c o n t r a s t , most d e l t a i c environments 
are c h a r a c t e r i s e d by a wel l -developed s i n g l e s a l t a t i o n 
p o p u l a t i o n . A fin?1 s i ze f r ac t ion of s i l t s and c lays 
c o n t r i b u t e to a l a r g e suspension p o p u l a t i o n . De l t a i c 
sands can a l so possess a s i n g l e l a r g e s a l t a t i o n and 
bedload p o p u l a t i o n , whil'~- e t h e r s can e x h i b i t two 
s a l t a t i o n popu la t ions much s imi la r to beach 
d i s t r i b u t i o n s . Aeolian sediment curves are 
c h a r a c t e r i s e d by a l a r g o , s i n g l e s a l t a t i o n popula t ion 
and a lso possess small bedload and susp"nsion 
components t h a t occur within a l im i t ed s i ze r ange . 
T i e r e f o r e , by using these curve c h a r a c t e r i s t i c s as well 
as those obtained from the modern l a c u s t r i n e 
environment, i t should be pos s ib l e to determine the 
d e p o s i t i o n a l environments of the anc ien t sed iments . 
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It must be noted that according to Visher (1969, 
P. 1094), "size curves can differ between modern and 
ancient environments". Ancient samples differ because 
diagenesis can produce fine grained sediments that 
would result in different sorting characteristics for a 
given sample. This modifies the resulting curve shape. 
Such a process must be recognised before grain size 
distributions of ancient sediments are interpreted. 
Characteristic curves for various modern and 
ancient sample sites are shown in Figures 33 to 38. 
These are believed to be diagnostic of both modern and 
ancient environments. Moreover, a careful examination 
of curves for modern environments reveals definite 
trends that enable characteristic curves to be 
presented for specific subenvironments within the 
modern nearshore. 
Berm and swash subenvironment samples from the 
modern beach have curve types that indicate well sorted 
sediments are present in each subpopulation. This is 
indicated by the slope of the curve, and the most 
distinguishing characteristic of these modern samples 
is the steepness of the suspension population. 
Percentage occurrence of suspended sediment is greater 
in the berm samples. This may also reflect the 
competency range of the wave activity. The absence 
of a strongly developed suspension population in the 
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swish s e d i m e n t s may be a r e s u l t o f s a l t a t i o n and 
s u s p e n s i o n p o p u l a t i o n mix ing ( S p e n c e r , 19 r>3). The 
p r e s e n c e of two s a l t a t i o n p o p u l a t i o n s i s an i n h e r e n t 
c h a r a c t e r i s t i c of t h e m a j o r i t y of Michael Bay 
s e d i m e n t s . Two of t h e swash samples o n l y e x h i b i t e d on-1 
s a l t a t i o n component , and t h i s t e n d s t o r e f l e c t t h ^ 
unimodal d i s t r i b u t i o n of s e d i m e n t s w i t h i n t h e s a m p l e . 
On-? of t h e s e c u r v e s i s shown in F i g u r e 3 5 . 
S i m i l a r i t i e s between the modern swash and ' i n d e n t 
beach c u r v e s a r e e v i d e n t in a compar i son of F i g u r e s 33 
and 34 wi th F i g u r e s 35 and 36 . Thes^ s u g g e s t <J swash 
e n v i r o n m e n t for t he l a c u s t r i n e s e i i m e n t s sampled from 
th^ a n c i e n t b e a c h e s . In a d d i t i o n , a l l a n c i e n t swash 
s e d i m e n t s were sampled from u n i t s which were s u b j a c e n t 
to s a n d s t h a t e x h i b i t e d berm or dune c u r v e 
c h a r a c t e r i s t i c s . T h i s t r e n d r e f l e c t s t h e 
sed i m e n t o l o g i c a l p r o p e r t i e s of beach f ? c i " s formed 
w i t h i n m e n v i r o n m e n t o f r e g r e s s i n g water l e v ^ l . 
Examples of s e d i m e n t s sample I from Gamp] -* S i t e 
1183 j r e shewn in F i g u r e 3 7 . Many of t h e s e c u r v e s ar ~ 
a p p a r e n t l y s i m i l a r to ones from modern -n1 .ancient 
beach e n v i r o n m e n t s . However, t h e y io hnve d i s e e r n a b l e 
p r o p e r t i e s t h a t a l l o w for d i f f e r e n t i a t i o n between the 
two t y p e s of e n v i r o n m e n t s for a l l s ed imen t s i z e r a n g e s . 
For example , t h e main c u r v : c h a r a c t e r i s t i c s t h a t can be 
app l i ed to a l l s amples a r ^ : a low s l o p " s u s p e n s i o n 
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population, a predominating saltation population with a 
moderately high slope, and a bed lead slop^ of 
intermediate steepness relative to the saltation and 
suspension populations. This low angle suspension 
component indicates relatively poor sorting and is 
evident in coarse and fino samples. The saltation 
population exhibits fair to good sorting in both typ;s 
of samples, while the bedlcad population in the coarse 
and fine sands show moderate to good sorting. 
Figure 33 shows dune sediments characteristic of 
sites MB7 to MB 12. The most useful criterion for 
distinguishing dunes is the unusally high proportion of 
sediment in the saltation population . This represents 
all but a small percentage of the total distribution 
for a given sample. Its slope is st^ep which is 
indicative of well sorted sediment, and the suspension 
population, which exhibits good sorting, comprises only 
<> small percentage of the distribution. The bed load 
component is always present and exhibits good sorting 
char acter istics. 
Component population curves for barred -"ear shore 
subenvironments of trough, landward slope, crest, ani 
lakeward slope are shown in Figures 39 and HO. 
Sediment samples were obtained from units of the box 
cere sections. The subenvironments and corresponding 
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bed forms t h a t were sampled a r e : t rough-asymmetr ica l 
r i p p l e c r o s s - l a m i n a e ; landward s lope-mass ive bedding; 
bar c r e s t - s y m m e t r i c a l r i p p l e s ; lakeward 
s l o p e - o s c i l l a t i o n r i p p l e c r o s s laminae . 
Figure 39 shows cumulat ive popula t ion curves for 
t rough sed imen t s . These curves e x h i b i t a d i s t i n c t 
bedload component of moderate s o r t i n g , and s i n g l e 
suspension and s a l t a t i o n popu la t ions t h a t d i s p l a y good 
sor t i n g . 
Landward slope curves e x h i b i t poores t sor ted 
suspension popu la t ions while the remainder of the curve 
d i s p l a y s segments t h a t have no s i g n i f i c a n c e as tV-y 
r e l a t e to s p e c i f i c popu la t ions ( F i g . 39) . ouch s o r t i n g 
sugges t s t h a t not only wave energy i s impor tant in 
sediment t r a n s p o r t and s o r t i n g but a l so g r a v i t y i s an 
a d d i t i o n a l energy sou rce , s ince i t causes avalanche of 
sediment down t h i s s l o p e . 
Crest c u r v e s , shown in Figure '(0, a re p r i m a r i l y 
dominated by a s i n g l e s a l t a t i o n popu la t i on . Bedload 
popula t ion i s very well sor ted and occupies a 
r e l a t i v e l y small percentage of the d i s t r i b u t i o n . 
The lakeward slope subenvironment c u r v e s , a l so 
shown in Figure 40, have the b^s t s o r t i n g 
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characteristics in the suspension and saltation 
populations. The bedload population is only moderately 
sorted but is characterised by its small percentage in 
the distribution. 
A facies model can be defined by the various 
attributes of the sedimentation units within a 
stratigraphic sequence. One attribute that can be use I 
is the grain size distribution. When plotted as 
cumulative frequency curves for the modern nearshore 
subenvironments and for the ancient beach, fluvial, and 
dune environments, they are believed by the author to 
be useful as a facies indicator. Thus, characteristics 
of component populations ar^ presented as a facies 
indicator that solely pertains to use of the grain size 
distribution (Table 2). Furthermore, only 
commensurable results can be accrued by comparison with 
fine grained near shore sediments in a bayhead, and for 
specific ranges of grain size In ancient environment1;. 
These sizes ar" listed on Tabl" 2 as well as gr iphical 
illustrations of typical cumulative curves, percentage 
occurrence of bodload, saltation, and suspension 
components, and slope inclinjtions. The curves ir^ 
representative of 73 ancient environment samples as 
well as 63 modern environment samples. 
GRAIN SIZE FAO<^ 
INDICATOR 
MODERN 
SWASH 
BSR:I 
TROUGH 
TYPICAL PROBABILITY CURV 
/ / 
/ 
/ 
LANDWARD SLOPS 1 / 
f 
CREST I 1 
LAKS'.VARD SLOPS 
/ 
ANCIENT |j 
-17 / 
BSACH I 
O I ' V f 
/ 
SLOPE CHARACTERISTICS 
BEPLOAO SALTATION SUSPENSION 
64 55 80 56 
43 76 44 
* 
46 80 65 
— 
59 79 57 
24 75 63 
Fine 
45 73 16 
Coarse 
36 78 17 
Fine 
59 . 50 75 60 
Coarse 
52 28 76 41 
58 79 55 
PERCENTAGE OCCURRENCE OF POPULATIONS 
BEOLOAD SALTATION SUSPENSION 
8-20% 60-90% . 8 - . 1 1 % 
.05-.15% 92.7-99.6% .06-.14% 
2-9.5% 89-97% .16 - . 31% 
.13-.46% 99.5-99.7% . 0 4 - . 16% 
.OS-.11% 99.3-99.7% .21-37% 
. 0 6 - . 13% 99.3-99.6" . .2 - .6 f . 
.4-43% 47.3-99.3% . 0 3 - . 1 3 " 
1.15-6.36% "63-94% . 0 2 - . 11% 
.05-74% 19.8-98.2% .08-.237: 
.3 - .8% 97.2-99.8% .03- .2% 
COMPETENCY RANGE 
MAXIMUM " I N I " •• 
-2 /4 .250 .5 /4 .250 
- . 25 /4 .250 
.5 /4 .250 
- . 50 /4 .250 
- . 2 5 / 4 . 2 5 0 
- . 7 5 / 4 . 2 5 0 
. 25 /425 1 .0 /4 .250 
- . 5 0 / 4 . 2 5 0 
- . 2 5 / ^ . 2 5 0 
.25 /4 .250 
- 5 / 4 . 2 5 0 
- . 5 / 4 . 2 5 0 1.0/4.25 
-4 .5 /4 .250 -2 /4 .250 
5/4.250 1.5/4.25 
- . . . . . . . . . . 
TABLK 2 
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The au tho r d o e s n o t wish t o imply t h a t a b s o l u t e 
f a e i e s i d e n t i f i c a t i o n from component p o p u l a t i o n s i s 
d l v n y s p o s s i b l e or s i m p l e t o a c h i e v e . S i z e c u r v e s from 
o the r r e s e a r c h e r s w i l l p o s s i b l y d e v i a t e to " i t h e r a 
g r e a t e r or l e s s e r e x t e n t t h a n the i l L u s t r a t a d t y p i c a l 
c u r v e s . T h i s most p r o b a b l y d e p e n d s on o n e ' s s amp l ing 
t e c h n i q u e s . In many i n s t a n c e s , a d e f i n i t e a f f i n i t y 
t o one e n v i r o n m e n t - s u b e n v i r c n m e n t g r o i n s i z e f a e i e s or 
ano the r cou ld be d i f f i c u l t t o d i s c e r n . These 
l i m i t a t i o n s w i l l be n o t i c e d p a r t i c u l a r l y when 
i n t e r p r e t a t i o n s a r e r e s t r i c t e d to s i n g l e s a m p l e s . 
However, w i t h p r o p e r u s e , e s p e c i a l l y in c o n j u n c t i o n 
with o t h e r s o u r c e s of i n f o r m a t i o n such as b e d f o r m s , 
m i n e r a l o g y , f o s s i l s , and b i o t a , component p o p u l a t i o n 
a n a l y s i s can r e v e a l i m p o r t a n t a s p e c t s c o n c e r n i n g 
s p e c i f i c d e p o s i t i o n a l l o c a l e s . 
Summary 
Statistical parameters of mean grain size, 
standard deviation, skewness, and kurtosis employed in 
bivariate plots provide only limited satisfactory 
identification of depositional environments. Sorting 
is apparently the most significant statistical 
parameter while the other parameters do not adequately 
reflect variations within size distributions. As a 
result, the bivariate plots do not render results that 
are consistent with claims of other workers. Only a 
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plot of skewness versus standard deviation as suggested 
by Friedman (1961) is useful for discriminating between 
env ir onments . 
Component populations typically display two or 
mere straight segments that apparently reflect bedlcad, 
saltation and suspension components of sediment 
transport. The attributes of those curves have proven 
useful for discriminating between beach, dune, and 
fluvial environments. The most significant attributes 
are as follows: the relative importance of the 
bedload, saltation, and suspension components, the 
slope or sorting displayed by these components, the phi 
range of occurrence for each component, and the phi 
range that each environment or subenvironment sample 
comprises. Depositional processes can be elucidated 
from a detailed study of a combination of these 
attributes. Interpretations are only reliable for 
embayed environments that consist of fine sand and for 
ancient beach sediments that occur within the outlined 
phi or competency range. These become mere meaningful 
;her. used in conjunction with additional 
sedimentological, biological or palecntological 
ev idence . 
rJf 
CHAPTER SIX NEARSHORE FICIES IDENTIFICATION 
1ASED ON PRIMARY SEDIMENTARY STRUCTURES AND DEPrORMS 
P r o b a b l y t h e most i m p o r t a n t sed imrn to l og i c a l 
a t t r i b u t e s t h a t can be used in a s t u d y of f a c i a s 
-are t h e p r i m a r y s e d i m e n t a r y s t r u c t u r e s and bedforms 
p r e s e r v e d w i t h i n a v e r t i c a l s e c t i o n . Al though i t i s 
p o s s i b l e t o f ind s t r u c t u r e s t h a t a r e s i m i l a r and ye t 
produced in d i f f e r e n t d e p o s i t i o n s ! e n v i r o n m e n t s , i t h a s 
long been r e c o g n i z e d t h a t bed forms e x h i b i t r e g u l a r 
v a r i a t i o n s in shape a s t h e y r e spond to d i f f e r e n c e s in 
flow c o n d i t i o n s . Where t he s e d i m e n t a r y s t r u c t u r e s a r e 
p r e s e r v e d , t h e y can be used t o e l u c i d a t e t h e t ype and 
p r o c e s s e s of d e p o s i t i o n a l e n v i r o n m e n t s . 
D i r e c t o b s e r v a t i o n s of o ^ l i n ^ n t t r in s p o r t 
p r o c e s s e s a r e d i f f i c u l t , e s p e c i a l l y d u r i n g h igh ^n^rgy 
c o n d i t i o n s or in a zone of r a p i i wave t r a n s f o r m a t i o n . 
T h e r e f o r e , a s t u d y of bedforms an 3 se 1 i r aen ta ry 
s t r u c t u r e s from t h e s e an J o t h e r zones can be u s e f u l for 
o b t a i n i n g i n f o r m a t i o n r e l a t i n g to p r e v a i l i n g bed 
c o n d i t i o n s , s e d i m e n t t r a n s p o r t d i r e c t i o n s , and 
n e a r s h o r e p r o c e s s e s t h a t have o c c u r r e d w i t h i n 
s u b e n v i r o n m e n t s o f mor phodynarnic z o n e s . 
An e x a m i n a t i o n of s e d i m e n t a r y i t r u<" tur » •; for 
b a r r e d n e a r s h o r e subenv ir onments wis p o s s i b l e by use o f 
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box c o r i n g and by c a s t i n g r e s i n p e e l s . S t r u c t u r e s in 
Lh .• f o r e s h o r e wore examined by t r e n c h i n g s e c t i o n s , a l l 
of which were p h o t o g r a p h e d . Th i s evi1r>nco wis u v d t o 
b u i l d a l a c u s t r i n e f a c i e s model for b a r r e d near s h o r e 
s u b e n v i r o n m e n t s in t h e bnyhead ( F i g . 'M ) . T h i s model 
i s a l s o a p p l i e d to bedforms p r e s e r v e d in t h e a n c i e n t 
l a c u s t r i n e e n v i r o n m e n t s . 
Six s u b e n v i r o n m e n t s a r^ p r e s e n t e d in t h i s mode l . 
They i n c l u d e f a c i e s o f f o r e s h o r e , s h o a l , landward 
s l o p e , c r e s t , l akeward s l o p e and t r o u g h ( F i g . '11). The 
four s u b e n v i r o n m e n t s o f landward s l o p e t h r o u g h t r o u g h 
r e c u r in a m u l t i b a r r e d r ^ a r s h o r » . These 
s u b e n v i r o n m e n t s a r e wor thy of s t u d y b e c i u s e t h j y have 
d i s t i n c t p a t t e r n s o f s e d i m e n t a r y s t r u c t u r e s which can 
be r e l a t e d to s p e c i f i c bedforms t h a t r e s u l t from 
changes in p r o p e r t i e s o f wave c h a r a c t e r i s t i c s . R e s u l t s 
from s t u d i e s of m a r i n e b a r r e d t o p o g r a p h y and f a c i e s by 
Harms c t a l . (1975) and D a v i d s i o n - l r n o t t and Greenwood 
(1976) have l ed to t h e c o n t e n t i o n t h a t most of t h e 
p r e s e r v e d s e d i m e n t a r y s t r u c t u r e s o r i g i n a t e under h igh 
e n e r g y c o n d i t i o n s . As a r e s u l t of t h e s e c o n J i t i o n s , 
nea r s h o r e s e d i m e n t t r a n s p o r t r a t e s a r e h ighes t , d u r i n g 
h i g h e n e r g y c o n d i t i o n s and s t r o n g e s t l o n g s h o r e c u r r e n t s 
a r e g e n e r a t e d in t h e t r o u g h s . Many of t h e s t r u c t u r e s 
and bedforms d i s p l a y e d w i t h i n t h e s u b e n v i r o n m e n t s do 
r e f l e c t t h i s t e n d e n c y o f h igh on^rgy bodform 
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F E S T O O N CftOSS-L A M I N A E 
MASSIVE BEDDING j i ^ > i i SYMMETRICAL RIPPLES -4?>rr7fr>*fl 
OSCILLATION WAVC RIPPLES 
FIGURE 41 OSCILLATION RIPPLE CROSS*LAMINAE 
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p r e s e r v a t i o n . However, t h e Michael Bay bar t opog raphy 
i s a c o m p o s i t e of en 'Tgy r e g i m e s b * c a u s ° h ighe r ene rgy 
bedforms a m a lways p r e s e r v e d s u b j a c e n t t o t h o s e of 
lower e n e r g y . Th i s s e q u e n c e of p r e s e r v e d low e n e r g y 
bed forms r e f l e c t s t h e p r e v a i l i n g wave c o n d i t i o n s d u r i n g 
t h e t ime of s a m p l i n g . V e r t i c a l s e q u e n c e s of 
s ^ J i m e n t a r y s t r u c t u r e s and bed forms a r e shown in 
F i g u r e s 42 t o 4 5 . 
Swash-Berm F a c i e s 
T r e n c h e s made w i t h i n t h e b e m r e v e a l p a r a l l e l 
l a m i n a e t h a t d i p landward and lakeward ( F i g . 4 2 ) . 
Accord ing t o C l i f t o n ( 1 9 6 9 ) , t h e s e even ly l a m i n a t e I 
s a n d s were d e p o s i t e d from s u s p e n s i o n und»r t h e 
i n f l u e n c e of waning wave ene rgy . r , , i l t a t i o n and bed load 
a r e a d d i t i o n a l modes of t r a n s p o r t in t h i s 
s u b e n v i r e n m o n t . The swash-backwash p r o c e s s i s 
r e s p o n s i b l e for t h i s c h a r a c t e r i s t i c b e i d i n g . 7h > 
p a r a l l e l l a m i n a e i n d i c a t e the s l o p e c f t h e e x i s t i n g 
beach f a c e d u r i n g t h e t ime of d e p o s i t i o n . The 
d i s t i n g u i s h i n g c h a r a c t e r i s t i c s of t h i s f a c i e s ar - th •> 
p a r a l l e l l a m i n a e which d i s p l a y : low anglf~ l i p s of l e s s 
t han t e n d e g r e e s , l andward and p r e d o m i n a t l y l a k . s , n r d 
d i p p i n g u n i t s , and d i s t i n c t e r o s i o n a l c o n t a c t s . 
Trough and a n t i d u n e s t r u c t u r e s form a t t e n d a n t 
t y p e s of bed forms t h a t have bf i\ found by o t h e r s 
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LAKEWARD DIPPING PARALLEL LAMINAE ARE EVIDENT IN 
BOTH PHOTOGRAPHS. A LANDWARD DIPPING PARALLEL 
UNIT IS INDICATED BY THE WATCH IN THE BOTTOM 
PHOTOGRAPH (Scale 5.5 cm in width) 
FIGURE 42 
BERM FACIES 
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LANDWARD: To The Right 
SCALE: Width - 22 cm 
CHARACTERISED THROUGHOUT BY 
COMBINED FLOW RIPPLE CROSS 
LAMINAE 
LANDWARD SLOPE FACIES 
1 = Landward Dipping Parallel Lamin. 
2 = Avalanche Sands 
3 = Small Scale Ripple Cross Laminai 
FIGURE A3 
SHOAL AND LANDWARD SLOPE FACIES 
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CREST FACIES 
1 = Massive Bedding 
2 = Weakly Defined O s c i l l a t i o n 
Ripple Cross-Laminae 
3 = ' P a r a l l e l Laminae 
4 = O s c i l l a t i o n Ripple Cross-
Laminae 
5 = Symmetrical Ripple Cross-
Laminae 
LANDWARD: To The Right 
SCALE: Width = 22 cm 
LAKEWARD SLOPE FACIES 
1 = Massive Bedding 
2 = Oscillation Ripple Cross-Laminae 
3 = Small Scale Symmetrical Cross-
Laminae 
FIGURE 44 
CREST AND LAKEWARD SLOPE FACIES 
i o n 
LANDWARD: To The Right 
SCALE: Width = 22 cm 
Small Scale Asymmetrical 
Cross*Laminae 
Weakly Defined Festoon 
Cross"Laminae 
Parallel Laminae 
FIGURE 45 
TROUGH FACIES 
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H a y e s , 1972; Howard and Re inock , 1972; W u n J e r l i c h , 
1 9 7 2 ) . However, t h e s e s t r u c t u r e s were n o t e v i d e n t in 
any of t h e Michael Bay s e c t i o n s . The t r o u g h c r e s s 
b e d d i n g i s a s s o c i a t e d w i th open c o a s t s where WT/P 
i n c i d e n c e i s a dominan t f a c t o r in g e n e r a t i n g a l o n g s h o r e 
d r i f t and c u r r e n t s , which in t u r n a r e r e s p o n s i b l e for 
p r o d u c i n g t h i s p a r t i c u l a r b e d d i n g . The f o r e s h o r e 
a n t i d u n e s t r u c t u r e s have b?on o n l y documented in m a r i n e 
c o n d i t i o n s and a r e r e l a t e d to e f f e c t s from t i d e s , s i n c e 
examples o f t h e s e s t r u c t u r e s have been i n d i c a t e d in t h e 
low t i d e f o r e s h o r e . T r a n s p o r t d i r e c t i o n in t h e Michae l 
Bay s i t e s i s r e l a t e d t o dominan t f low and t r a n s p o r t 
normal t o s h o r e . 
Shoa l F a c i e s 
The s m a l l s c a l e , combined flow r i p p l e s (Harms e t 
a l . , 1 9 7 5 ) , shown in F i g u r e >\'J,, <ere i n d i c a t i v e of s h o a l 
e n v i r o n m e n t b e d f o r m s . Such r i p p l e s a r e a s s o c i a t e d wi th 
p r e d o m i n a n t l y u n i d i r e c t i o n a l t r a n s p o r t o f c o a r s e r 
g r a i n s in t h e d i r e c t i o n o f wave p r o p a g a t i o n . The 
i n t e r n a l l a m i n a e produced by t ' - f s e r i p p l e s i n d i r - n t * 
t h a t t h e flow and t h e s e d i m e n t t r a n s p o r t ar i o r i e n t e d 
in t h e landward d i r e c t i o n . In a d d i t i o n , t h e l a m i n a e 
a r e n o t t r o u g h s t r a t a in form; i n s t e a d t h a y a r e convex 
upward u n i t s t h a t t a n g e n t i a l l y c o n n e c t t o lower 
bounding s u r f a c e s (Harms e t a l . , 1 9 7 5 ) . The p r e s e n c e 
of c r o s s - l a m i n a e i n d i c a t e s low wave e n e r g y . P a r a l l e l 
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In-iir.ye e x e m p l i f y t h e i n i t i a l l ew, de^p writer iiave 
jr. erg y >nd i t s c o n s e q u e n t d i s s i p a t i o n in t h i s 
sub j r -v i rcnment . 
Landward S lope F a d e s 
3o;d forms a ssoc i a t e d wi th t h i s f i c i e s typo or ^ 
lar .Jward d i p p i n g p a r a l l e l l aminae of f i n e sand ( 1 . 1 7 0 ) , 
which g r a d e upward i n t o c o a r s e r , p o o r l y s o r t e d 
a v a l a n c h e s a n d s ( 2 . 3 2 0 ) t h a t ",r-• sub jacen t , t o f i n e r 
( 2 . 9 9 0 ) sma l l s c a l e r i p p l e c r o s s lamina-^ ( F i g . J I3 ) . Tn 
h ighe r ene rgy c o n d i t i o n s when waves b r e a k on t h e bar 
c r e s t as a r e s u l t of h i g h vnvos or s t e r n s which 
g e n e r a t e s t e e p , s h o r t p e r i o d waves , b o t h p a r a l l e l 
I c i a inn : a r e g e n e r a t e d and g r a v i t a t i o n a l a v a l a n c h e of 
s e J i m e n t o c c u r s ( F i g . ;13). Th i s ival anohe u n i t i s 
weakly d e f i n e d but can be i d e n t i f i e d by a s p o r a l i c 
o c c u r r e n c e of c o a r s e c l a s t s w i t h i n a f in-.r sand m a t r i x . 
O s c i l l a t o r y c u r r e n t s wi th ) g r e a t e r l andward component 
form t h e sma l l s c a l e r i p p l e c r o s s - l a m i n a e . These 
l aminae woul'J form under lev/ wave h-.-igh^s r e l a t i v e to 
r,h i g r e a t e r wave h e i g h t s r e q u i r e d t o g e n c a t ^ p a r a l l e l 
l a m i n a e . They would form under low e n j r g y and wave 
c o n d i t i o n s when wave t r a n s f o r m a t i o n in s h a l l o w water 
over t h e bar c r e s t i s i n c o m p l e t e or n o n - e x i s t e n t . 
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1 x r C r e s t F 3 c i j s 
Thr p r i n c i p a l b e d f o r t n s a s s o c i a t e ! w i t h t h i s 
f a c i e s a r e m a s s i v e s a n d s , lak'~"./ if d l i p p i n g p a r a l l e l 
L a m i n a e , o s c i l l a t o r y wave r i p p l e s ('I a r m s a t al . , 1 9 7 5 ) , 
and s y m m e t r i c a l r i p p l e s ( N e w t o n , 19f>°>), ( F i g . ' 4 4 ) . 
I n t e r pr c t a t i o n o f s t r u c t u r e s i n t h i s s u b e n v i r onmen t i s 
rnaJe d i f f i c u l t o w i n g t o t h e v a r i a b i l i t y o f c r ? s t 
m i g r a t i o n , w h i c h r e s u l t s from h i g h c o n c e n t r a t i o n s o f 
U ' v e e n e r g y . C o a r s e s t s e d i m e n t s c f t h e e n t i r e b a r form 
ir ? found in f a c i e s o f t h i r a u b e n v i r o r . m ^ n t . F i g u r e '44 
i l l u s t r a t e s t h e m a s s i v e s a n d s ( 3 . 1 2 0 ) . A p i e c e o f m o d 
i s a l s o embedded i n t h i s u n i t - . T h i s m a s s i v e u n i t 
gr i d e s u p w i r d i n t o w e a k l y d e f i n e d o s c i l l a t o r y r i p p l e s 
( 2 . , 2 0 ) t h a t a r e o v e r l a i n by l a ' - o ^ i r d l i p p i n g p a r a l l e l 
] . ; i i i r i 3 " o f 2 . 7 3 0 s i z ^ . A n o t h e r u n i t o f o a ^ i l l i t o r y 
w i v e r i p p l e s ( 2 . 7 7 0 ) o c c u r s , and t h ^ s ' - u n d e r l i e 
sy i imet r i c i l r i p p l e s o f 2 . 7 1 0 . 
L i t e r a t u r e c o n c e r n i n g t h e p r e s e n c e o f a -nass iv r -
b-.d w i t h i n r m a r i n e v e r t i c a l s e c t i o n i s r o p l ' t e w i t h 
b i o c u r b a t i o n c i t e d a s t h e c o n t r o l l i n g p r o c e s s ; w h i l e no 
a t t e n t i o n h a s b e e n g i v e n t o t h e h y d r o d y n a m i c s t h a t 
j o u l d be c a p a b l e o f g e n e r a t i n g t h i s b i d d i n g . 
s t r u c t u r e s s u c h a s d w e l l i n g s , . - scape t r a c e s , b u r r o w s , 
jnd b o r i n g s c o n s t i t u t e ;;ome o f t h e o b v i o u s > v i d e n c e 
• npLoyi-'J t o l e c i p h . ^ r b i o t u r b a t i o n ' " t i v i t y . Mow. ' v i r , 
ifj!r;n s u c h e v i d e n c e i s l a c k i n g , b 10 t u r b a t i or i s s t i l l 
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m a i n t a i n e d as t h e p r i m a r y p r o c e s s r ^ s p o n n i b l p for 
u a s s i v e b e d d i n g . In t h i s c a s e , iiydr cdyn amie p r o c e s s e s 
most p r o b a b l y d o m i n a t e . T h i s i s e v i d e n t in th ' , c r e s t 
f a s i o s m a s s i v e bed ( F i g . 4 4 ) . Th is u n i t i s d i s t i n c t l y 
i .n terbodded wi th landward d i p p i n g p a r a l l e l In-nir,;;-1 and 
weakly d e f i n e d wave o s c i l l a t i o n r i p p l e c r o s s - l a m i n a ^ . 
| -3 io tu rba t ion e v i d e n c e i s n o t p r e s e n t and t h e a u t h o r 
b e l i e v e s t h a t t h i s u n i t d e r i v e d from d e p o s i t i o n of 
s e d i m e n t load in t h e form of e i t h e r suspended or 
s a l t a t i n g l o a d . The bedform i s e i t h e r a p l a n e bed or a 
a n t i d u n e b e c a u s e t h e s e bedforms p o s s e s s c h a r a c t e r i s t i c s 
of m a s s i v e b e d d i n g . 
The p a r a l l e l l a m i n a e a r e i n d i c a t i v e of h i g h e r 
flow v e l o c i t i e s t han t h e r i p p l e c r o s s - l a m i n a e , and the 
l akeward d i p o f t h i s u n i t i s c o n t r o l l e d by t h e bnr 
s l o p e a t t h e s i t e o f d e p o s i t i o n ( F i g . 4 4 ) . O v e r l y i n g 
t h e s e a r e t h e wave o s c i l l a t i o n r i p p l e s t h a t form when 
wave mot ion d o m i n a t e s . The i n t e r n a l l aminae appear a s 
s y m m e t r i c a l l a m i n a e t h a t r e s e m b l e p r e s ' - r v ^ J t r o u g h s 
between r i p p l e c r e s t s . Al though t h e l aminae could b<-
m i s t a k e n for s m a l l s c a l e t r o u g h s in one o r i e n t a t i o n , 
a t t e n t i o n to a v e r t i c a l s e c t i o n normal to t h i s c l e a r l y 
i n d i c a t e d t h a t s u b p a r a l l o l e v e n l y l a m i n a t e ! u n i t s wer« 
p r e s e n t . These a r e p r o p e r t i e s t h a t are i n h e r e n t to 
o s c i l l a t i o n r i p p l e s . The sma l l s c a l e s y m m e t r i c a l 
r i p p l e s s i t u a t e d a t t h e t o p of t h e s e c t i o n p o s s e s s an 
10? 
i n t e r n a l s t r u c t u r e i n d i c a t i n g landward t r a n s p o r t i s the 
dominant component. This i s ev iden t by th-> for ->set 
laminae t h a t d ip in a landward d i r e c t i o n ( F i g . !\H) . 
The symmetry i s maintained by the o r b i t a l path of the 
wave (Newton, 1963). These r i p p l e s a l so i n d i c a t e tho 
lowest energy l e v e l r e l a t i v e to the other bed forms. 
Lakeward Slope Fac i e s 
The lakeward s lope f a c i e s i s c h a r a c t e r i s e d by a 
massive bed ( 3 . 0 9 0 ) , which u n d e r l i e s o s c i l l a t i o n r i p p l e 
c ross - l aminae ( 2 . 7 3 0 ) , whi le the top u n i t s of the 
sec t ion comprise small s c a l e symmetrical r i p p l e s of 
3.090 ( F i g . 4'4). 
Evidence from bedding and m^an g ra in s i ze 
sugges t s t h a t varying i n t e n s i t i e s of shcr.l ing waves nre 
r e s p o n s i b l e for the sediment t e x t u r e s and the bcdfcrm 
types in t h i s f a c i e s . 
The massive bed can be r e l a t e d to lakeward or: J 
landward components of sediment t r a n s p o r t . The 
lakeward component o r i g i n a t e s a t the bar c r e s t where 
pass ing t roughs erode c r e s t sediments and r a p i d l y 
depos i t them in t h i s sub environment . The landward 
component of sediment t r a n s p o r t r e s u l t s from passing 
t roughs of the incoming wave form. Sediment i s 
t r an spo r t ed up t h i s s lope with coarser f r a c t i o n s 
1 10 
r a p i d l y d e p o s i t e d in t h i s sub(;nviroi-/fl"r,t, ^vi f i n ^ 
s i z e s d e p o s i t e d o f f s h o r " . The c ; ; i H r j t i c i r i p p l ^ 
cr o s s - l a m i n a e r e f l e c t h ighe r ^n^rgy than syrnm^tr ic :>l 
r i p p l e s which i n d i c a t e t h a t l akeward an 1 l a n d u i r d 
c o n p c n e n t s a r e e q u a l l y d o m i n a n t . 
Trough Facies 
T h i s f a c i e s t y p e e x h i b i t s p r i m a r y s - ] imeri t a r y 
s t r u c t u r e s o f s m a l l s c a l e a s y m m e t r i c a l r i p p l e 
c r o s s - l a m i n a t i o n (3 - 1^0) , w^ak f e s t o o n c r o s s - l a m i n a ^ 
( 2 . 3 4 0 ) , and p a r a l l e l l aminae ( 2 . 7 9 2 ) ( F i g . H5) . These 
p a r a l l e l l a m i n a e occur in t h e l o w e s t u n i t s . E r o s i o n a l 
c o n t a c t s a r e d i s t i n c t which i n d i e j t ^ s t h a t wav- ^nergy 
was o p t i m a l d u r i n g d e p o s i t i o n . Moreover , t h ^ y a r e 
r e p r e s e n t a t i v e of lower 1 and war J slop-'* s n 1 imen t s . 
S o r t i n g in t h ^ s e u n i t s a s well as th-- f e s t o o n u n i t s i s 
poor and t h i s r e f e c t s t h e p r e s e n c e of bo th c o a r s e ind 
f i n e s e d i m e n t s . The c o n t r o l l i n g p r o p e r t y i s t h " wat';r 
d e p t h . 
As water d e p t h i n c r e a s e s in t he t r o u g h z o n e , t h e 
e f f e c t s o f o s c i l l a t o r y c u r r e n t s on ch" bed d^creasf- . 
Tnus , c o i r s e s e d i m e n t s w i l l be d e p o s i t e d in t h i s zon^ 
in a d d i t i o n t o f i n e g r a i n s e d i m e n t s . V a r i o u s 
r e s e a r c h e r s have p o i n t e d out t h a t t h i s i s a zone where 
l o n g s h o r e c u r r e n t s p r e d o m i n a t e (Tnrnan and Bow^n, 19^3; 
Bowen and Inman, 1969; D a v i d s o n - l r n c t t and Cr?^nwood, 
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1 j r 7 6 ) . T'-U3 - j " c o u n t s for t h ^ o c c u r rf>nc> o f f e s t o o n 
u n i t s w i t h i n t h i s f u c i c s . Th'^y n v r i formed u n i ^ r 
un i 1 i r < c t i o n a l f l o w c o n d i t i o n s b u t h a v - bo^n d i s p l a y e d 
nor .rial t o t h e f l o w d i r e c t i o n ( F i g . ' 1 5 ) . 
T'i<> asymmet r i c a l r i p p l < o r o s s - l ^ m i n a ^ d i p norm i l 
t o s h o r ^ and cnn b e a s c r i b e d t o i L a n d w - r J c e n p o n - n t o f 
f l e w g e n ' r a t e d by wave a c t i v i t y . The f i n e t e x t u r e o f 
t V s c cr G S J - l a m i n a e and t n e i r n o r p h o l c g y s u g g e s t s th.- ' t 
t r o u g h i n f i l l i n g o c c u r s d u r i n g low >n>rgy l ^ v t ^ s . 
B^dform G e n e r a t i o n 
A s t u l y o f a sod irn on t o l o g i c a l a t t r i b u t e s u j h iz 
b' j f o r t n s in J s e d i m e n t a r y s t r u c t u r e s h a s p r o v i ' e d sen' . ' 
r ' I r v a n t i n f o r - n a t i o n on t\\n n- ' l t i rc 1 o f s u b e n v i r onmor. t s 
v] , ' i n t h e n e a r s h o r e z o n a . T h i s i n for n a t i o n p c t a i n s 
t o f l o w d i r e c t i o n s , s e q u e n c e o f b f i f c ' i i d e v e l c p r n a n t , 
i n ! f iov/ c o n d i t i o n s t h a t o c c u r w i t h i n s p j e i f i c s i t e s o f 
J >posi t i o n . 
F low d i r e c t i o n s , n> dc i u c ° d f r on c r o s s - ] ' a i r. ^  ^  
for t h e M i c h a e l Bay b a r r e d n c s r s h o r » t o p o g r a p h y , ar o 
p r i m a r i l y p r e s e r v e d i n t h e l a n d w a r d ?nd l a k > w a r d 
d i r e c t i o n fo r b o t h h i g h and low i n t e n s i t i e s o f wave 
e n e r g y . Berm f a c i a s e x h i b i t l ew a n g l s p t r a i l el 1 ,1,-iim" 
t h i t p r i m a r i l y d i p l . i k e u a r d . Th*s> make i d i a t i T ' t 
• ' r o s i c r i j l c o n t a c t w i t h l a n d w a r d d i p p i n g l a r n i n i c t h a t 
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• j re i n d i c a t i v e of i n c i p i e n t berm or r i d g e deve lopmen t 
( F i g . 4 2 ) . Combined flow r i p p l e lamina-* p r e s e r v e d in 
t h i s h o a l f a c i e s a r e a s s o c i a t e d wi th u n i d i r e c t i o n a l 
flow in t h e d i r e c t i o n of wave p r o p a g a t i o n . 
Other s u b e n v i r o n m e n t s w i t h i n t h e b a r r e d 
t o p o g r a p h y e x h i b i t l a m i n a e t h a t c o n s i s t e n t l y d i p e i t h e r 
l a n i w a r d or l akeward ( F i g . 4 1 ) . The o n l y e x c e p t i o n i s 
t he landward s l o p e of t h ^ o u t e r bar which e x h i b i t s 
l akeward d i p p i n g p a r a l l e l l aminue ( F i g . 4 1 ) . 
P r e s e r v a t i o n of t h e s e l a m i n a e may be r e l a t e d to a 
p r o c e s s o f bar m i g r a t i o n in t h e l akeward d i r e c t i o n . 
The bar s u b e n v i r o n m e n t s e x h i b i t s e d i m e n t a r y 
s t r u c t u r e s t h a t have o r i g i n a t e d under b o t h h i g h and low 
ene rgy c o n d i t i o n s . Al l f a c i e s i n d i c a t e t h a t h i g h 
e n e r g y c o n d i t i o n s p r e c e e d e d low e n e r g y c o n d i t i o n s ( F i g . 
' I D . 
Bedform s e q u e n c e s a r e v e r t i c e l l y c o n t i g u o u s 
r e s p o n s e s t o c h a n g e s i n wave ene rgy c o n d i t i o n s . 
Al though low e n e r g y c o n d i t i o n s a r e c h a r a c t e r i s e d by 
deve lopment of r i p p l e s , t h e r e i s a s u c c e s s i o n of r i p p l e 
b'-d forms t h a t d e v e l o p w i t h i n t h i s c a t e g o r y . These 
r i p p l e bedforms in o r d e r o f i n c r e a s i n g e n e r g y a r e a s 
f o l l o w s : s y m m e t r i c a l , a s y m m e t r i c a l , o s c i l l a t i o n , and 
combined f low. As wave e n e r g y i n c r e a s e s , th>> combined 
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flow t y p ° i s wasned out d u r i n g i n c r e a s i n g (r. rgy l e v e l s 
and t r a n s f o r m e d i n t o par i l i ^ l lamina-1 an I mass ive b ^ d s . 
Flew c o n d i t i o n s c o n o c r r i n g c r i ' i f - 1 untr a in n'~:it 
v e l o c i t i e s ind wov1 r i p p ] ' . for ir t i e r , can be 
app rox ima ted by u s i n g r e s u l t s from a a t u i y c a r r i e d out 
by Inman (1937-f rom C.E .R .C . 1)1], P. ' 1 -55 ) . The 
minimum 'wave induced bot tom v e l o c i t y n o c - ^ / i r y t o 
i n i t i a t e s e d i m e n t mot ion for "3. 0< »55 m d s of Michael Bay 
i s 10 .65 c e n t i m e t r e s p^r s e c o n d , w h i l e r i p p l e s w i l l 
form and d i s a p p e a r a t a maximum v e l o c i t y of 67 . n,G 
c e n t i m e t r e s per s e c o n d . 
The modes of s e d i m e n t t r ^nspor t t h - ' t c o n t r i b u t e 
to d e p o s i t i o n a r e b e d l o a i and s a l t a t i o n . Kennedy jnd 
Lecher (197? ) and Mogridg<_ md Kamphuis ( 1 9 / 2 ) have 
p r o v i d e d i n f o r m a t i o n t h a t i n d i c a t e p a s s i n g t r o u g h s a r f 
r e s p o n s i b l e for removal of fir. '3 s^ i im<-'nt by s u s p e n s i o n . 
Thus , o n l y f a s t e r s e t t l i n g , c o a r s e r sand g r a i n s a r e 
a v a i l a b l e for d e p o s i t i o n by be Head and s a l t a t i o n . 
A p p l i c a t i o n Of Modern F a c i a s To Anc i en t Sed imen t s 
A compar i son of s e d i m e n t si z - in ' 'ncir>^t bayh^ad 
s e d i m e n t s wi th t h e modern s u b e n v i r o n m ^ n t s o b v i o u s l y 
shows t h a t h i g h e r wave e n e r g y had e x i s t e i in t h e 
a n c i e n t b e a c h e s . For example , t h e s h i n g l e and g r a v e l 
s i z e s e d i m e n t s shown in F i g u r e s 16 and 13 e x h i b i t 
c l a s t s t h a t r a n g e from - 5 . 5 0 0 t c - 1 . 2 5 0 . Cumula t ive 
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.si 7.? J i s t r i b u t i o n s of t h e s ^ e o a r s " c l a c : t s a r e shown in 
F i g u r e 35. C r i t i c a l o n t r a i n m e n t v e l o c i t i e s r e q u i r e d to 
move t h i s .size r a n g e a r e a p p r o x i m a t e l y 1°0 c e n t i m e t r e s 
per second to 300 c e n t i m e t r e s per s e c o n d . Th'vse O T 
minimum e s t i n i a t 3 S for t h i s r a n g e of s i z e c l a s t s . 
E s t i m a t e s were made fro*n consu l t i n / a ^ j u l s t r o m 
p a r t i c l e s i z e v e r s u s v e l o c i t y d i a g r a m . J u s t i f i c a t i o n 
for use of t h i s d iagram r e s u l t s from c e n f i r . n a t i v e , 
e m p i r i c a l r e s e a r c h c a r r i ? d ou t by Novck ( 1 9 7 ? ) . His 
s t u d y c o n c e r n e d use of n a t u r a l t r a c e r s °nd an e v e n t 
r e c o r d e r in a mar ine e n v i r o n m e n t to d e t e r m i n e t h e 
c r i t i c a l v e l o c i t i e s n e c e s s a r y t o t r a n s p o r t beach 
s e d i m e n t s . The n a t u r a l t r a c e r s compr i sed in s i t u beach 
s e d i m e n t , which ranged from - 5 . 0 0 0 to -3 .20025, t h a t 
//ere marked by p a i n t ind w r e s i t u a t e d t h r o u g h o u t thn 
for .,-shor e . 
The v e r t i c a l sequ j n c " of s e d i ' a e n t s shown in 
F i g u r e 19 (Sample S i t e M36) c o r r e s p o n d to a b'«rm 
deve lopment s e q u e n c e whereby landward d i p p i n g u n i t s of 
sand and p e b o l e s a r e s h a r p l y t r u n c a t e d by l ak . 'w i rd 
d i p p i n g , e v e n l y l a m i n a t e d upper f o r e s h o r e s a n d s . 
The r e m a i n i n g beach s e c t i o n s r e f l e c t a v e r t i c a l 
sequence of near s h o r e s ed imen t which g r a d e upward i n t o 
be-jch and dune s e d i m e n t s ( F i g s . 19, 20, 2 1 ) . I t 
a p p e a r s t n a t where b e a c h r i d g e s occur , t h e y t e n ] to 
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r e f l e c t f o r e s h o r e suber ivir or.ments of l o u ; r f o r e s h o r e , 
borm, arid swash . Moreover , i t i s i p p a r ^ n t t h it o n l y 
h i g h e s t e n e r g y e v e n t s a r e p r o s e r v ^ ) v / i lh in v e r t i c a l 
s e q u e n c e s . T h i s i s s u b s t a n t i a t e d by t h e p r e s e n c e of 
p r e s e r v e d , p a r a l l e l l a m i n a e in t h e modern f o r e s h o r e 
s a n d s ( F i g . l\2) . P r e s e r v a t i o n of c o b b l e and s h i n g l e 
s e d i m e n t s in t h e a n c i e n t e n v i r o n m e n t s ar -• d i r e c t l y 
comparab l e wi th t h e modern beach 3t P r o v i d e n c e Hay 
( F i g . 2 ) . Th i s embayment has cobbl « and shingl-^ 
s e d i m e n t s t h a t a r e p rox ima l to bed rock and a . j j a c c n t t o 
a sandy bayhead b e a c h . Storm an i h igh \i \-J<• e n e r g y 
c o n d i t i o n s a r e r e s p o n s i b l e for d e v e l o p i n g a s e c t i o n of 
f o r e s h o r e t h a t i s a n a l o g o u s t o t.h • a n c i e n t Michael 9ay 
r i d g e s . 
I t i s s u g g e s t e d t h a t p r e s e r v a t i o n p o t e n t i a l of 
l o n g s h o r e b a r s i s low b e c a u s e bar m i g r a t i o n in t h e 
l akeward d i r e c t i o n i s b e M e v e l c o n c o m i t a n t wi th 
p r c g r a d i n g s h o r e l i n e s or r e g r e s s i v e I n k " l e v e l . Fcr 
t h e s e b a r s t o be p r e s e r v e d t h e y would h a v - t o m i g r a t e 
landward under low wave c o n d i t i o n s u n t i l a p o r t i o n 
ne rges wi th t h e f o r e s h o r e and i s s u b s e q u e n t l y b u r i e 1 by 
s ed imen t Olayes , 1 9 7 2 ) . Tn t h i s s i t u a t i o n , o n l y tho 
lower landward slop--' f a c i e s would be e v i d e n t . 
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Sumuiar y 
P r i i r . r y sod imr*, t o r y s t r u c t u r e s ! n v f b<-on s t u d i e d 
a s V i ; y r e l a t e t o s p e c i f i c s u b ^ n v i r en a ^ n t s o f 
d e p o s i t i o n wi t h i n t h 1 modern r .°ar s h c r f z c n ^ . 
I n f o r m a t i o n c o n c e r n i n g laes*-- s t r i r ' l u r r ; ! n r b ^ e n 
a s s i m i l a t e d i n t o a f a c i o s mc i ^1 for i cw e n e r g y 
n e a r s h o r e s e d i m e n t s o f a 1 a c u s t r in -^-bayh^ . I 
e n v i r o n m e n t . T h i s model r o p r c s o n t s s u b er.v i r o r i e n t s of 
b c r m , s w a s h , s h o a l , t r o u g h , l a n d w a r d s l o p ' . - , c r e s t , ir.j 
l a k e w a r d s l o p e . 
C a r e f u l e x a m i n a t i o n o f b e d f o r m s and s t r u c t u r e s 
e n a b l e s u s e f u l s t a t e m e n t s t c b e made c o n c e r n i n g f l o w 
d i r e c t i o n s , s e q u e n c e s o f b c d f c r m g :n ?r a t i o n , and f l o w 
c o n d i t i o n s w i t h i n s p . - c i f i c d e p o s i t i o n a ' ' 
s u b e n v L r o n m e n t s . C r o s s - l a m i n a ^ w^r^ us v! t o d e t e r m i n e 
f l o w d i r e c t i o n s f o r t h e mode rn n •'.ir sno r <> . 
Borm f a c i o s d i s p l a y low a n g l e p a r " ! I f 1 l a m i n a e 
t h a t p r i m a r i l y d i p l a k e w a r d . T h o s e make d i s t i n c t 
c o n t a c t w i t h l a n d w a r d d i p p i n g u n i t s t h a t a r e i n d i c a t i v e 
o f i n c i p i e n t b s r m or r i d g c d e v e l o p m e n t . H i g h e r e n e r g y 
b e d f o r m s w e r e a b s e n t . S h o a l f a c i e s a r e c h a r a c t e r i s e d 
by c o m b i n e d f l o w r i p p l e s t h a t e x h i b i t a p r e d o m i n a n t 
l a n d w a r d c o m p o n e n t o f f l e w w h i c h r e s u l t s from s h o a l i n g 
w a v e s . The t r o u g h f a c i e s h a v e h i g h and low e n e r g y 
m 
b.: i fo r :u s t h ; j t i n d i c a t e f l o w d i r e c t i e r . s i n t h i s 
i'jb ;nv i r o n m e n t a r « b o t h p a r a l l e l and n o r m a l t o s h o r o . 
F l ew d i r e c t i o n p a r a l l e l t o shor<> i s i n d i c a t e d by w e a k l y 
J' f i n e d f e s t o o n u n i t s . Flov; n o r m a l t o s h o r e o c c u r s i n 
b o t h l a n d w a r d and l a k e w a r d d i r > o t i o n s . S m a l l s c a l e 
;:sy nm 3 t r i c a l r i p p l e c r o s s - 1 a m i n a e c o n s i s t e n t l y d i p 
l a n d w a r d , u h ? r ° ' j 5 , p a r a l l e l l a m i n a - l i p b o t h 1 ' k e w a r d 
an J l a n d w a r d . B e d f o r m s a s s o c i a t e d w i t a t h e l a n d v n r d 
s l o p e f a c i a s a r e p a r a l l e l l a m i n a - 1 , a v a l a n c h e s r . d s ; and 
S ' H J L I s c a l e c o m b i n e d f l o w r i p p l e c r o s s - I a n in a } . F l e w 
d i r e c t i o n s e r ^ p r e s e r v e d i n t h ^ l a n d w a r d d i r e c t i o n w i t h 
t n r e x c e p t i o n o f t h e o u t e r b a r f a d e s . L a k e w a r d 
d i p p i n g p a r a l l e l l a m i n a e a r e p r e s e n t in t h e l a n d w a r d 
s l o p e o f t h e o u t e r b a r , and t h e s e may be r e l i c t 
l a k e w a r d s l o p e u n i t s t h a t h a v e b e e n p r e : - e r v e 1 d u r i n g 
l a k i w a r J b a r m i g r a t i o n . V a r i a b i l i t y i n f l o w d i r e c t i o n 
i s a l s o e v i d e n t i n t h e c r e s t f a c i e s . Th ^ r i p p l r ' 
cr e s s - l a m i n a •< o f s y m m e t r i c a l ^nd c s c i l l - ' t o r y wave-
r i p p l e s i n d i c a t e t h a t f l o w was 1 an i w a r d , w h i l e par i l l ^ l 
l a m i n a e . ' X h l b i t l a k e w a r d and l a n d w a r d c o n p c r / m t s o f 
f l o w . Lakaw-.ird s l o p e f a c i e s e x h i b i t rwes iv /e b e d d i n g , 
o s c i l l a t i o n r i p p l e c r o s s - 1 ; ,n in a > , .ir I s n a i l s e a l ' 5 
s y m . n " t r i e , l r i p p l r - cr o s s - l a nin a a . The r i p p l e l a m i n a e 
i n d i c a t e t h e l a n d w a r d c o m p o n e n t o f f l o w . 
B e d f o r m s e v i d e n t i n t h i s f a c i a s mod"! ar -•> 
r e s p o n s e s t o h i g h and lev/ e n e r g y j o n d i t i e n s . High. 
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' "•/ ' rgy b . d f o r m s of p a r a l l e l l aminae trd m - s s i v r b e d d i n g 
.ire a lways p r e s e r v e d s u o j o c ^ n t t o lev/ ' -nor^y r i p p l e 
c r e s s - l a m i n a e . The r i p p l ' s formed in r e s p o n s e to 
i n c r e a s i n g ene rgy a r ^ a s f o l l o w s : s y m m e t r i c a l , 
asyrmnetr i c a l , o s c i l l a t o r y , and combined f low. These 
r i p p l e cr o s s - l a m i n a e for-n and become o b l i t e r a t e d w i t h i n 
a v e l o c i t y r a n g e o f 10.65 t o 6 7 . 0 6 c - n t i m e t r e s p^r 
second . 
R e s u l t s from ; c e n p a r i s o n of t h ^ s e 
c h a r a c t e r i s t i c s wi th t h e a n c i e n t bench s e d i m e n t s 
i n d i c a t e t h a t h i g h e n e r g y jvc r . t s havf b~>Qn p r e s e r v e d in 
f o r e s h o r e bedd ing s e q u e n c e s . The same bedd ing 
c h a r a c t e r i s t i c s h i v o b"en formed in t h " modern 
P r o v i d e n c e Bay beach s e d i m e n t s . These c h a r a c t e r i s t i c s 
can be a s c r i b e d to s torm or h igh wave c o n d i t i o n s . 
C r i t i c a l e n t r l inment v o i c e i t i ^ s n e c e s s a r y t o i n i t i a t e 
s ed imen t mot ion and to form th '^S" r i d g e s r a n g e f r c n 150 
t o 300 c e n t i m e t r e s per s e c o n d . 
R e l i c t l o n g s h o r e b a r s w"r e n o t ' > v i l e n t in any of 
t h e a n c i e n t s e c t i o n s . The a b i l i t y o f t h e bar 
t o p o g r a p h y t o m i g r a t e lakewnrd in r e s p o n s e to e i t h e r 
d e c r e a s i n g l a k e l e v e l or h igh wave e n e r g y c o n d i t i o n s i s 
t he r e a s o n for t h e i r l a c k of p r e s e r v a t i o n . 
P r e s e r v a t i o n Tiay occu r under low wave c o n d i t i o n s which 
w i l l c a u s e M i g r a t i o n of t h e b a r form t o t h e f o r e s h o r e 
where i t merges and becomes b u r i e d . 
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CH1PTER 3EV&M COtK'LUSTO:!" 
Modern and a n c i e n t '.nv ir onments a s s e c i >te i wi th 
r a k e s Algoma and Muron , n r o s t u d i e d -coord ing to 
111 r i b u t e s o f s t r a t i g r a ph y , s ed im -->n t t ex t ur e , s'-1 d im en t 
s i z e d i s t r i b u t i o n s , bed fo rms , and p r imary sc 1 imer: t a r y 
s i r u o t u r e s . 
Tii'? Longshore bar t o p o g r a p h y and sed im onto log ic al 
c h a r a c t e r i s t i c s of t h e modern env i ronmen t cor, b? 
r e l a t e d t o wave r e f r a c t i o n and t h e e n e r g y d i s t r i b u t i o n 
p a t t e r n s . Th^se p a t t e r n s i n d i c a t e t h a t low wav- ene rgy 
for w e s t , s o u t h w e s t , and s o u t h s o u t h w e s t h i n d c a s t waves 
o c c u r s in t h ? b a y h e a d . The m o r p h o l o g i c a l and 
a •>•} i m ^ n t c l c g i c a l c h a r a c t e r i s t i c s of tho subaqueous 
M. pogr <iphy r e f l e c t t h i s low wive e n a r g y . The 
c h a r a c t e r i s t i c s a r e a s f o l l o w s ; t h e na r row r e l a t i v e 
s p a c i n g c f t h e l o n g s h o r e bar s y s t e m , t h e g e n t l e 
l i t t o r a l zone g r a d i e n t of 1:30, and t h e f i n e s u r f i c i ' 1 1 
j - • i i'lK-nts t h a t occu r t h r o u g h o u t t h e near s h o r e z o n e . 
A s e d i m e n t t e x t u r e compar i son between modern and 
a n c i e n t e n v i r o n m e n t s i n d i c a t e s t h a t h i g h e r e n e r g y 
p r e v a i l e d in t he a n c i e n t bayhead r e l a t i v e to t h e modern 
e n v i r o n m e n t . 7^2 c o b b l e and g r a v e l s e d i m e n t s a s we l l 
as t h e e x t e n s i v e b e l t of f o r e d u n e s p r e s e r v e d in t h e 
j n c i ' n o e n v i r o n m e n t a r e e v i d e n c e of t h i s h igh e n e r g y . 
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"ed imen t t e x t u r e par nmet-^r s wi re a l s o combined in 
b i v a r i a t e p l o t s to t e s t t h o i r a p p a r e n t r e l i a b i l i t y t o 
d i s c r i m i n a t e be tween e n v i r o n m e n t s . The r e s u l t s 
i n d i c a t e d t h a t for n i l c a s e s i n f e r r e d dune s e d i m e n t s 
cou ld be d i s c r i m i n a t e d from modern beach and inf^rr-^d 
e n v i r o n m e n t s of bench and f l u v i a l . Only p l o t s of 
skewness v e r s u s s t a n d a r d d e v i a t i o n for t he modern and 
a n c i e n t e n v i r o n m e n t s proved u s e f u l , s i n c e t h e y 
e x h i b i t e d p a t t e r n s t h a t were f u l l y c o m p a r a b l e amongst 
t hc in se lve s a s we l l as w i th th-» p a t t e r n s d e l i m i t e d by 
Fr iedman ( 1 9 6 1 , 1 9 6 7 ) . Other p l o t s of mean v e r s u s 
s t a n d a r d d e v i a t i o n , s k e w n e s s , and k u r t o s i s proved 
u n r e l i a b l e when compared wi th each o t h e r an J wi th 
p u b l i s h e d r e s u l t s . Th i s form of a n a l y s i s i s n e t 
r e g a r d e d as a u s e f u l d i s c r i m i n a t o r for e n v i r o n m e n t s . 
Component p o p u l a t i o n s a r e u s e f u l d i s c r i m i n a t o r s 
of d e p o s i t i o n a l e n v i r o n m e n t s . Modern and a n c i e n t 
l a c u s t r i n e e n v i r o n m e n t s cou ld be d i s c r i m i n a t e d from 
a n c i e n t f l u v i a l and dune e n v i r o n m e n t s by t h e i r 
component c h a r a c t e r i s t i c s . S e d i m e n t s sampled from 
bedforms of modern subenv i r enm^nts ^ x h i b i t ^ d d i s t i n c t 
c u r v e c h a r a c t e r i s t i c s . The? i c h a r a c t e r i s t i c s have been 
a s s i m i l a t e d i n t o a g r a i n s i z e f a c i a s i n d i c a t o r t h a t 
d i s p l a y s t y p i c a l c u m u l a t i v e c u r v e s , p e r c e n t a g e 
o c c u r r e n c e and s l o p e i n c l i n a t i o n of bed load , s a l t a t i o n , 
arid s u s p e n s i o n c o m p o n e n t s , and th r t phi competency 
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range. In a d d i t i o n to t h ? s e , a n c i e n t s e d i m e n t s from 
l a c u s t r i n e , f l u v i a l , and dune e n v i r o n m e n t s were 
e x h i b i t e d . The d e p o s i t i o n a l l o c a l e for t h e a n c i e n t 
l a c u s t r i n e s e d i m e n t s i s f o r e s h o r e owing to t h e p r c s ^ n c ^ 
of two d i s t i n c t s a l t a t i o n p o p u l a t i o n s . Component 
p o p u l a t i o n s hove proven u s e f u l for i n t e r p r e t i n g t h e 
d e p o s i t i o n a l e n v i r o n m e n t o f a n c i e n t s ^ d i m e r t s . 
Moreover , d i s c r i m i n a t i o n of n.-ar s h o r e subenvi r onmonts 
can be made by a n a l y s i n g c u r v e s of s a m p l e s t a k e n from 
bed forms r e p r e s e n t i n g t he s u b e n v i r onments . 
P r o v i s i o n of a f a c i e s model for a b a r r e d , 
l a c u s t r i r . 3 bayhead was mad" poss ib le - by an e x a m i n a t i o n 
of p r e s e r v e d bed forms jnd p r imary s e d i m e n t a r y 
s t r u c t u r e s . T h i s mode] r e p r e s e n t s subenv i ror .ments of 
berm, swash , s h o a l , t r o u g h , landward s l o p e , c r e s t , a n i 
l akeward s l o p e . Bvjforms p r e s e r v e d in t h e s e 
s u b e n v i r e n m e n t s a r e r e s p o n s e s t o h igh an l low e n e r g y 
c o n d i t i o n s . P a r a l l e l l a m i n a e an 1 m a s s i v e b e d d i n g 
r c f L o c t h i g h e n e r g y c o n d i t i o n s , w h a r e a s , r i p p l e 
c r o s s - l a m i n a e c h a r a c t e r i s e c o n d i t i o n s of low e n e r g y . 
The h i g h e n e r g y bedforms a r e a lways p r e s e r v e d s u b j a c e n t 
t o t h o s e of low e n e r g y . Ti3 s equence of r i p p l e 
c r o s s - l a m i n a e formed wi th i n c r e a s i n g energy i s 
s y m m e t r i c a l , a s y m m e t r i c a l , o s c i l l a t o r y , and combined 
f low. Th^se r i p p l e s w i l l form and d i s a p p e i r d u r i n g a 
wave Induced bot tom v e l o c i t y range of lO.fi'j t o r>7. 0r> 
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cen t ime t r e s per second. The examination of 
c ros s - l aminae y i e l d s a d d i t i o n a l information t h a t can bo 
j s e i to decipher flow d i r e c t i o n s and flow 
c h a r a c t e r i s t i c s wi th in the subenvironments . 
An examination of a n c i e n t beach sediments and 
bedding c h a r a c t e r i s t i c s as they r e l a t e to tb° f a c i e s 
model i n d i c a t e s t h a t bedding sequences are foreshore 
and r e f l e c t d e p o s i t i o n from high energy . A comparison 
of anc ien t beach sediments and bidding c h a r a c t e r i s t i c s 
with the f a c i e s model i n d i c a t e s t h a t high energy 
fo reshore bedding sequences hav^ been p r e se rved . This 
i s s u b s t a n t i a t e d by evidence from bedding sequences 
observed in a modern bayhead beach. The c r i t i c a l 
en t ra inment v e l o c i t i e s t h a t a re necessa ry to i n i t i a t e 
se l iment motion and form these r i d g e s range from 150 to 
300 c e n t i m e t r e s per second. R e l i c t longshore ba r s ,;ere 
not ev ident in any of the anc ien t s e c t i o n s . The 
lakeward migra t ion of these f e a t u r e s in r^sponsp to 
processes of dec reas ing lake lpve l and high wave 
energy c o n d i t i o n s i s i n imica l to t he i r p r e s e r v a t i o n . 
These p rocesses occurred during formation of the 
anc ien t beaches . However, p r e s e r v a t i o n of longshore 
ba r s may occur under low wavp c o n d i t i o n s which wi l l 
cause migra t ion of the bar form to the f o r e s h o r e . 
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